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SUMMARY 
CHAPTER-1 
The reaction of 3-bromochromone with 4-hydroxycoumarin 
gave 2-(2'-hydroxybenzoyl)-4H-furo[3,2-c][l]benzopyran-4-one 
(20), which had been prepared earlier, alongwith its dihydro-
furo derivative (19),from the reaction of 3-bromo-4-hydroxy-
coumarin with formaldehyde. Similarly the reaction of 
(20) R = H 
(27) R = Me 
ii 
triacetic acid lactone (28) gave 2-(2*-hydroxy benzoyl)-4H-
furo[3»2-c]-6-methyl-pyran-4-one (29) which could not be 
prepared by the earlier method. 
(29) R = H 
(30) R = Me 
The reaction of 3-bromochromone with 1-anilino-l-
inethylthio-2-nitro ethylene (38) and 1-methylamino-l-raethyl-
thio-2-nitro ethylene (42) gave l-phenyl-2-thi6methyl-3-
nitro-5-(2'-hydroxy benzoyl)pyrrole (40) and l-methyl-2-
thiomethyl-3-nitro-5-(2*-hydroxy benzoyl)pyrrole (43). 
x:^rv^OR 
(40) R = H 
(41) R = Me 
SMe 
(43) 
SMe 
i i i 
CHAPTER-2 
The reac t ion of 3-ethoxy-10-oxo-4,4a-dihydro-3H,lOH-
[l]benzopyrano[2,3-ci]pyran (2) with acetophenone and o-
methoxy acetophenone respec t ive ly gave ( E ) [ l ] (ben2oyl)-[4] ' 
(4H-henzopyran-4-one-3-yl)-butadiene (27) and ( E ) [ l ] (2«-
methoxybenzoyl)-[4](4H-benzopyran-4-one-3-yl)-butadiene (32) 
(32) Was demethylated with BBr^ in CH2CI2 and cyclised to 
OEt 
(2 ) 
(27) R = Ph 
(32) R = Ph(0CH3) 
( E ) [ l](4H-ben2opyran-4-one-2-yl)-[2] (4H-benzopyran-4-one-
3-yl) -e thylene (38), by t r e a t i n g with l^/^MSO, 
iv 
BBr3/CH2Cl2 
(32) > 
I^/DMSO 
-A—_ > 
(37) 
(38) 
Reaction of (27) with phenylhydrazine hydrochloride 
gave (E) [l] (4H-benzopyran-4-one-3-yl)-[2](l,3-diphenyl-
2-pyrazoline-4-yl)-ethylene (43). Under similar conditions 
(27) + PhNHNH .^HCl > 
T^543 • ^'^^ 
the reaction of (25) and (27) with hydrazine hydrate gave 
[4] (3,5-hexadiene-2-one-6-yl)-[5](2*-hydroxyphenyl)-pyrazole 
(44) and [4] (1-pheny1-1-0X0-2,4-pentadiene-5-yl)-[53 (2*-
hydroxyphenyl)-pyrazole (45). 
(25) R = CH3 
(27) R = Ph 
NH2NH2.H2O 
(44) R = CH-
(45) R = Ph 
The reaction of (25) with hydroxylamine hydrochloride 
gave (E) [6] (4H-benzopyran-4-one-3-yl)-3,5-hexadiene-2-
one-oxime (49) which on heating with nitro benzene gave (E) 
[1] (4H-benzopyran-4-one-3-yl)-[2] (3~methyl-isoxazole-5-yl)-
ethylene (50) and 4-acetyl-xanthone-oxime (51), 
NH^OH.HCl 
(25) —^ > 
(49) 
vi 
NOH 
0 — N 
(50) (51) 
The Beckmann rearrangement of the oxime (49) with 
SCX:i2 gave [ l ] ( l*-chloro ethyl idene-imino)-[4] (4H-benzo-
pyran-4-one-3-yl)-butadiene (52) and ( l^nethyl imino-1-
chloro)-[5](4H-benzopyran-4-one-3-yl)-2,4-butadiene (53) . 
(52) 
NCH: 
(53) 
vii 
The reaction of (2) with ammonium acetate gave 
3'-(2*-hydroxybenzoyl) pyridine (57) and with aniline 
3-hydroxy-10-oxo-4,4a-dihydro-3H,10H-[l] benzopyrano 
[2,3-d3-2-phenylpyridine (58) and l-phenyl-3-(2'-hydroxy 
benzoyl)pyridine-4-one (59). 
Ph 
I 
OH ^N 
(58) 
(59) 
The reac t ion of (2) with hydrazine hydrate afforded 
2H-5,5a-<iihydro-diazepino[5,6-b][l]benzopyran-ll-one (64) 
and with hydroxylamine hydrochloride 3-(2*-hydroxybenzoyl)-
pyridine-1-oxide (73) . 
v i i i 
O H 0 
(64) (73) 
Direct reac t ion of 3-formylchroroone ( l ) with r e s o r c i -
nol in pyridine supplied 3-hydroxy-5alH, llH{l3benzopyrano-
[2 ,3-b][ l ]benzopyran- l l -one (76), which was methylated and 
then t r ea ted with t r iphenyl methanol in t r i f l u o r o ace t ic 
acid. The reac t ion gave th ree products i den t i f i ed by t h e i r 
spec t ra l da ta as 3-(2'-hydroxybenzoyl)-7-methoxy(l]benzo-
pyran-2-one (80) , 3-inethoxy-llH,12H[l]benzopyrano-ll,12-
dioxo[2,3-c]benzopyran (82) and 3-(2 '-hydroxybenzoyl)-7-
methoxy-[l]benzopyran-2-one-6-yl-llH,12H-3-methoxy[2,3-b] 
[ l ]ben2opyran-12-yl- i l -one (83) . 
(1) 
: Ix : 
OH 
CH3l/K2C^ 
Acetone 
OMe 
(76) (77) 
C(Ph)30H 
~TFA 
"n-^ 
xOMe 
(80) 
. ^ N ^ 
OMe 
(83) 
CHAPTER-3 
The reac t ion of 3-nitrochromone ( l ) with acetylacetone 
and e thy lace toace ta te supplied 2--hydroxy-4-(2*-hydroxy-
phenyl)-5-nitro-acetophenone (9) and 2-hydroxy-4-(2*-hydroxy 
phenyl)-5-nitro-»ethyl benzoate (12) . (9) was converted t o 
6-nitro-7-(2*-hydroxyphenyl)-chromone (14) and 2-hydroxy-
6-nitro-7-(2*-hydroxyphenyl)-chromanone (15) . 
(9) R = H 
(10) R = Me 
(11) R = Ac 
(12) 
Methylation of (9) with methyl iodide gave (10) , t he 
methyl e ther which on heating with t r i e thy lphosph i t under 
nitrogen gave the 2-acetyl-3,5-dimethoxy-carbazol (16) . 
: xi : 
(14) (15) 
(16) 
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INTRCX)UCTION 
The chemistry of chromone and chromone derivatives 
continues to be of interest. The reactions of chromone 
with bifunctional amines such as hydrazine, hydroxylamine 
etc, had shown that Michael type addition is accompanied 
by ring opening and cyclization to give heterocyclic 
compounds. As regards chromone derivatives 3-bromochromone 
was found to react with amines such as pyrrolidine with the 
formation of an aziridium intermediate which gave the corres-
ponding 3-substituted chromone. Later studies by Gammill 
revealed that the outcome of the reaction depended on the 
nature of the amines. In more recent work Gammill et. al. 
have extended this reaction to carbanions. Similarly 3-nitro-
chromone has been found to be a useful starting material for 
the synthesis of aromatic and other heterocyclic compounds. 
But the most versatile compound in this area of chemistry is 
3-formylchromone. It has been converted into pyridines, 
pyrroles and aromatic compounds. Further, it was found to 
undergo readily reverse Diels-Alder reaction with dienophiles, 
a property it shares with the corresponding carboxylic acid. 
The resulting adducts have again found application in synthe-
sis such as that of a fulvlc acid analogue by F.M. Dean. 
More recently some interesting conversions of the adduct have 
been reported by C.K. Ghosh. 
The work described in the t h e s i s i s an extension of 
these e a r l i e r s t u d i e s . The major par t of the t h e s i s deals 
with the reac t ions of 3-formylchroraone and i t s adduct with 
d i f fe ren t nucleophi les . An attempt has a lso been made to 
extend the scope of the reac t ion of 3-nitrochromone with 
carbanions which holds some promise of synthes is ing novel 
chromone d e r i v a t i v e s . 
The t h e s i s has been accordingly divided in to three 
par t s .Chapter -1 i s devoted to the reac t ions of 3-bromo-
chromone, chapter-2 to those of 3-formylchromone and 
i t s adduct with e thyl vinyl e the r . Some preliminary work 
on react ions of 3-nitrochromone with carbanions and modifi-
ca t ion of the product forms the subject matter of the th i rd 
Chapter. 
DI$PV^|ON 
Reactions of 3-brotnochromone : 
The reactions of 3-bromochromone (1) have been the sub-
1 2 ject of many recent publications by R.B. Gammill * , In work 
reported earlier by other authors , 3-bromochromone (1) was 
shown to react with amines to give 3-aminochromone (3) in the 
formation of which the aziridium cation (2) was suggested as 
an intermediate. 
.Alios. 
(1) 
(2) (3) 
Apart from above rearrangement to the 3-amino compound, 
ring contraction was also observed. According to Gammill et» 
4 
al. r when the reaction is conducted in acetonitrile over 
potassium carbonate the nature of the product depends on whe-
ther the amine is primary or secondary, primary amines giving 
the aurone like product (4) and secondary amines 3-aminochro-
mone (3). For the contraction to the aurone analogue (4), 
the following mechanism has been proposed. 
RNHr 
S Q 
(1) 
(4) 
A similar rearrangement forms the basis of Merle and 
Descotes synthesis of 2-formyl coumaranone (5) from 
2-hydroxy-3-bromochromanone (6). 
NBS/DMSO 
HgO 
(6) 
Na'*"OEt 
CHO 
(5) 
It is worth commenting in this context that when the 
bromodeoxybenzoin (7; was treated with hydroxide ion, the 
epoxide (8; rather than the product of ring contraction (9; 
was obtained. 
+0H' 
-H--
: 6 : 
(9) (8 ) 
When 3-bromochromone (1) was reacted with a p-diketone 
7 
or p-keto e s t e r in base, a t tack by carbanion at C-2 resu l ted 
in opening of the pyrone r ing and formation of furan through 
nucleophi l ic displacement of bromine. Thus, t he reac t ion with 
dimedone (10) afforded (11) , 
'CH, 
Base 
(1) (10) 
CH 
(11) 
In subsequent s t u d i e s t h e au tho r s reac ted d i e t h y l malo-
n a t e ^ (12) with 3-bromochromone (1) and found t h a t , as 
w i th amines, t h e i n i t i a l adduct (13) rear ranged t o the 3-sub-
s t i t u t e d compound ( 1 5 ) . Th i s mig ra t ion of the-CH(C00C2HR^)2 
group from C-2 t o C-3 must i n v o l v e t h e cyclopropane i n t e r -
+ CH2(C00C2H5)2 
Br 
(12) 
DBU/CH3CN 
R.T. 
(1) 
-HBr 
^ • ^ v ^ Ck^^CH(C00C2H5)2 
(13) 
(15) 
(14) 
H-(COOC2H5)2 
media te ( 1 4 ) . The rea r rangement i s i n t e r e s t i n g a s on t h e 
8 
basis of results of the reaction with ^-keto esters, the 
furan (16) would have been the expected product from malonate. 
CUUCoHpv 
(16) 
Against this background-and some previous work in this 
laboratory-it seemed of interest to examine the reaction of 
some other ^-diketone analogue with (1). 
Reaction of 3-bromochromone (l) with other enolates ; 
During a study of the DMSO/AC2O oxidation®'^ of 4-hydroxy 
coumarin (18) which was initiated in the belief that the 
product would be(17) it was found that Pummerer rearrangement 
0. ^0 
(18) 
DMSO/AC2O 
OAc 
CK^O 
(Me)2S-0 
DMSO/AC2O 
OAc 
OAc 
(17) 
forced the reaction in another direction and delivered 
finally (19). 
SMe 
^S(Me)2 
' ^ ^ 
CH3 
(18) 
10 J 
+ 
(Me)2ST-0 
OCT 
(19) 
Isolation of (19) was, however, tedious and yields of 
the pure product varied considerably. In subsequent work 
it was obtained in better yields along with the furan (20) 
through the reaction of 3-bromo-4-hydroxycoumarin (21j with 
formaldehyde • 
11 
(24) (21) 
r r ^ ^ 
-HBr 
rt^ CI 
1 
0\ L N 
1  \ I I ) 
- C 0 2 / + H 2 0 
r < ^ 
-HBr 
+Br+ 
(19) (20) 
12 
(23) (21) 
r r ^ ^ H 
0 OH 
-HBr 
r < ^ 
(20) 
Hydrogenolysis 
r - ^ ^ 
0 UH^O 
(19) 
13 
The reaction may have proceeded either with HBr loss 
from (22; to give 3-formyl-4-hydroxycoumarin (23} or HOBr 
loss to give (24). The yield was much better but the product 
was still a mixture of (19) and (20). 
Better yields of (20) appeared likely from the reaction 
of 4-hydroxycoumarin (18) with 3-bromochromone (1) as 4-hy-
droxycoumarin is a modified p-keto ester. Since DBN, the 
7 
base employed by Gammill eX,» ^ « » was not available, dimedone 
and acetylacetone (25) were first reacted with (1) in pyridine, 
or in dry acetone over potassium carbonate to check if the 
reaction occurs under these conditions also. Yields of (11) 
and (26) were close to those reported, so that the emphasis 
on a non conventional base like DBN appears misplaced. 
9, 0 
II II 
+ CH3-C-CH2-C-CH3 
Acetone/K2C02 
(26) 
14 
4-Hydroxycoumarin (18) was next reacted with 3-bromo-
chromone (1) in pyr id ine . The reac t ion proceeded as expected 
with opening of the a-pyrone r ing to give (20) in almost theo-
r e t i c a l y ie lds* More iii?>ortantly i t was not accompanied by 
the dihydrofuran (19) , 
, , Acetone/Kr>COo (20) + Mel ^ 3> 
Pyridine 
Efforts made earlier to prepare the structurally similar 
(29) from triacetic acid lactone (28) did not succeed because 
preparation of its 3-bromo derivative proved problematic due 
to simultaneous attack of bromine on the allylic methyl. As 
15 
a result of this, the reaction of the lactone with cupric 
bromide in ethylacetate resulted in formation of an insepara-
ble mixture, probably due to further reactions of the allylic 
bromide moiety with the lactone. (29^ could now be easily 
prepared from the reaction of 3-bromochromone (i; with tri-
acetic acid lactone in pyridine. 
0 
Pyridine 
/ V Acetone ^ 
(29)^ Mel K2CO3 ^ 
(30) 
A hydroxylic base was avoided in the above reactions 
because both (28^ and (29> are sensitive to hydrolytic de-
composition in alkaline medium. 
16 
Reactions of 3»bromochroinone (1) with enamlnes i 
In view of the reactivity of 3-bromochromone (1) towards 
both amines and carbon nucleophiles it is surprising that its 
reactions with enamines have not received any attention. The 
nearest work in this context is the reaction of o-hydroxy 
benzaldehyde (31) with cyclohexanone enamine (32) which 
provides a convenient synthesis of tetrahydroxanthone (34), 
(31) (32) 
0 
CJ 
ego 
OH 
CrO, 
P y r i d i n e 
(33) 
17 
Enamlnes add readily to a»p*unsaturated nitriles and ketones 
and many examples of such reactions are cited in older 
12 13 
reviews ' , On addition to S-bromochromone (1^ cyclohexanone 
enamine should, therefore, react to give initially the spiran 
(35) which should rearrange to (36). 
(1) (32) 
0C>P 
(35) 
0 ^ 
(36) 
When the cyclohexanone enamine (32) was added to (1) 
there was no immediate response as happens in the reaction 
18 
with salicylaldehyde. Even when a solution of (1) and (32) 
in acetonitrile over potassium carbonate was left overnight 
at room temperature there was no evidence of any reaction. 
However, reaction did occur at reflux temperature but produced 
an intractable mixture, 
Enamines such as (38) which are readily available from 
14 the corresponding nitroketene dithioacetal represent a sub-
15 group of enamines which has found extensive application in 
synthesis of heterocycles. They are more reactive than simple 
enamines because of the pull of electrons by the nitro group. 
This same effect also makes it possible to exchange the remain-
ing -SMe group by other nucleophiles. A typical reaction is 
conversion of 2-acylaniline (37) to the quinoline (39) . 
(37) 
MeS^^NH NH 
I 
Ph 
(38) (39) 
When 3-bromochromone {1) was reacted with 1 - a n i l i n o - l -
methyl thio-2-ni t roethylene (38) in a c e t o n i t r i l e over potassium 
carbonate i t gave good y ie lds of a compound which a f t e r some 
19 
discrepancies in the spectral data were c lar i f ied , was identi-
fied as the pyrrole (40). 
(1) (38) ^ 2 
Q^^C^* 
SMe 
-Ph 
SMe 
0 Ph 
(40) 
Thus^  while for the most part the spectral features eug, 
chelated carbonyl at 1625 cm" in the i.r, spectrum (fig. l), 
together with bands at 1500 and 1340 cm" specific to the 
aromatic nitro group, and singlets of the -SMe and -OH group 
in the nrar spectrum (fig. 2) are in accord with the structure, 
integration of the aromatic region is faulty. Further the 
mass spectrum (fig. 3) shows M. two mass units lower than 
required. 
The structure of the methylated product (41), however. 
20 
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(40) Mel/Dry acetone 
KOCOQ 
SMe 
(41) 
confirms the identification of the product in terms of the 
assigned structure (40). The carbonyl band in the i.r. spe-
ctrum (fig. 4) of the methyl ether appears at 1630 cm" and 
the -OCtl^  and -SMe methyls in the nmr spectrum (fig. 5> are 
at d 3.85 and 2.35 ^but though integration now shows the 
required number of hydrogens, the aromatic region is still 
poorly resolved. M. (fig. 6), however, appears at the 
required value m/z 368, with base peak at m/z 135 for the 
o-methoxy benzoyl group. In order to completely confirm the 
identification of the reaction product, the 3-bromochromone 
(1) was reacted with methyl amino instead of anillno enamine 
(42). 
H 
MeS SMe H3C-N SMe 
\ / CHgNH^.HCl \ / 
y \ NaHCO^/EtOH ^  / ^ ^ 
H NO2 H NO2 
(42) 
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CH3CN 
K2CO3 
SMe 
(43) 
In the nmr spectrum (fig« 7) of the compound, the 
aromatic region is now clearly defined showing the singlet 
of the pyrrole ^-proton at d 7.4, In pyrrole itself the 
P-proton signal appears at d 6.05. 
In 2-acetyl and 2-nitropyrroles , the signal is 
shifted to d 7.CX) and 7.23 respectively so that the singlet 
of this proton in the spectrum of ^43) is at the required 
value. In the mass spectrum (fig. 8) the molecular ion 
appears at m/z 292 with prominent peaks at m/z 172 and 121. 
: 28 ; 
I 
% 
U 
•H 
-SJ 
29 
uu h-
3 
K 
M 
K 
"X" 
"» 
M 
I 
o (£ 
« 
« • 
•T" 
lA 
LU CM 
n: 1 
•7> 
O O 
:2i 
2 
^ 
< 
i r 
1 -
z UJ 
o H 
?^  
o6 
« 
OJ 
* 
II 
o 
H 
1-
u. 
»c 
r* 
N 
CM 
• * 
l> 
Ul 
</:• 
•«f 
OCi 
!><• 
••/' 
ff.> 
< 
X 
'M 
k 
>Xi 
iTi 
^ 
'M 
• 
T -
IT' 
^ 
O 
• 
f— 
t— 
•ri 
^ 
'N 
• 
ir.t 
•r" 
f— 
•<t 
Ul 
< 
CD 
X: 
< 
00 
O t - i£i i N i j i iX" 'Xi 'Ti •»" '£' 
I.M >.M Y - T - - ^ "Ti - ^ • * -M >.M 
C' 'T' •!' r- '£' If.- iM 1- O 'T' 
•T' 'Xi -X' 'X' 'I' 'X' 'X' 'X' -X' r-
B (t L II 
ill 
Ul 
o X 
•» « 
«• 
< <r^  
"V T" 
r* 1 
1 «< 
•< CM 
iX 1 
«> 
o 
& •' l£ 
- i C 
• s CO L. 
CM 
4r> 0 
CM 42. 
H ed 
</.< a 
^ 
Tt 
II 
(t> 
c 
0 
• 1 -
N 
0 
z 
r«~ 
^ 
« ( 
o 
II 
e IX 
•£> 
t f 
C 
« 
0 
•/J 
. ^ • S l . .^H Vl> BKI W 
Ul 
< 
Ul 
< 
iXi 
< 
Si 
'N • * ir.' 'N t^ •«* t - Tt -M .£• 
,£, .^ . ^ T- "M .M •«- "M T- ^ 
'N 1 -
'T.t r- T- O r- •£' If.i -"t W 'M 
•Xi 'Xi 'T' 'Xi 'M 'M 'N 'N 'M 'M 
•^ .ji . ; . .£• T- « i 'Xi <• <C' 'M 
'•£> '£' O 'M -M r - ..M T- T- t | 
xt' 'r.i •^ a ••- * «:• -M •T' r^ « • 
.J. .J. .T' 'T' r- r- '£' iTi Tt -"i 
•M '>4 'M 'N 'M 'M 'M 'N '>4 'M 
EXPERIMENTAL 
Reaction of S-bromochromone with 4-hYdroxvcoumarln ; Forma-
tion of 2-(2~hvdroxvben2ovl)"4H-furof3.2~Cl fll benzopvran-
4«9n? (20) : 
To 4-hydroxy coumarin (72 mg/0004 mole) dissolved in 
pyridine (2 ml), 3-bxomochromone (ICX) mg, .0004 mole) was added 
and the reaction mixture was heated on a water bath for one 
hr. The usual work up after addition of water gave product 
which was crystallised from benzene as pale yellow prism, 
(120 mg), m.p. 178°C. 
Spectral data : 
IR (KBr) ^max : 1740, 1715, 1625, 1590 cm~^. 
^H-NMR (60 MHz) : d 6.85-7,6 (7H, m, Ar-if), 7.75 (IH, s, 
CDCI3 =CH-), 8.1 (IH, dd, Ar-H), 11.6 (IH, s, 
broad, -OH). 
Mass (rel. int.): m/z 306 (Mt, 52), 186 (100), 158 (25), 
121 (56) and 120 (50). 
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Methylation of C20> with CH^I : Formation of 2-U-methoxy-
benzovl)~4H-furo[3.2-C] f l l ben20Pvran~4--one (27) : 
A mixture of (20), (0.250 gm), CH^I (2 ml) and anhydrous 
K^COg (2 g) in dry acetone (40 ml) was refluxed on a water 
bath for 2-3 h r s . , worked up by the usual procedure. The 
colour less methyl e ther was c r y s t a l l i s e d from methanol, 
(185 mg), m.p. 182-83°C. 
Spect ra l data : 
IR (KBr) "^max t 1740, 1645, 1625 and 1600 cm"" .^ 
H^-NMR (200 MHz): d 3,8 (3H, s, -OCfiig), 7,00-7.65 (8H, m, 
CDCI3 kT-U and =Cii-), 8.1 (IH, dd, Ar-M). 
Mass (rel. int.): m/z 320 (Mt, 100), 303 (61), 275 (18), 
135 (94), 121 (54), and 77 (75). 
Reaction of 3-bromochromone with 4-hvdroxv-6-methvl-2H-pvran-
2 -one ( t r i ace t i c acid lactone) (28) ; Formation of 2- (2«-
hvdroxv benzoyl)-4H-furor3.2-c1-6-methvl-Pvran-4-one (29) : 
(0.224 g, .002 mole) 4-hydroxy-6-methyl-2H-pyran-2-one 
( t r i a c e t i c acid lactone) was dissolved in pjyridine (3 ml), 
3-bromochromone (200 mg, .ooi mole) was added. The reac t ion 
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mixture was heated on a water bath for 4-5 hrs , worked up as 
usual and the s o l i d obtained was c r y s t a l l i s e d from benzene-
petroleum-ether as yel low needles (129 mg), m.p. 172-76°C. 
IR (KBr; ^raax : 1750, 1620, 1595 and 1520 cm*" .^ 
O 
•••H-NMR (90 MHz) : d 2 ,3 (3H, s , -CU^), 6 .4 (IH, s , -CH=C-CH3) 
CDCI3 6 .75-7 .4 (3H, m, Ar-H), 7 .55 (IH, s , =C^'), 
7.95(1H, dd, Ar-H). 
Mass ( r e l . i n t . ) i m/z 270 (Mt, 98 ) , 253 ( 2 ) , 213 ( 8 ) , 186 
( 1 5 ) , 158 ( 7 7 ) , 150 (100) , 135 (40) and 
121 (85 ) . 
Methylation of (29) with CH-^ I : Formation of 2-(2'-methoxy 
benzovl)-4H-furof3.2-c1-6-methvl-Dvran-4-one (30) : 
Methylation of (29) by the procedure given e a r l i e r gave 
c o l o u r l e s s feathery needles from benzene-petroleum-ether, 
(200 mg), m.p. 182-84°C. 
Spectra l data : 
IR (KBr) ^max : 1755-1740 (broad), 1645, 1615 and 1575 cm""*-. 
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H^-NMR (90 MHz) : d 2 .5 (3H, s, -CH3), 3.65 (3H, s , -OQHg), 
0 
6.4 (IH, s, -qfcC-CH3), 6,85-7,45 (5H, 
m, Ar-H and =C£i-). 
CDCI3 I 
Mass ( r e l . i n t . ) : m/z 284 ( M I , 69), 268 (54) , 239 (14), 
171 (25), 150 (18), 135 (100), 105 (15), 
92 (39) and 77 (65) . 
Reaction of 3~bromochromone ( l ) with 1-an i l ino- l -methvl th lo-
2 -n i t ro ethylene (38) ; Formation of l--Dhenvl-2-thiomethvl-
3-'nitro-5-(2*-hvdroxvbenzovl)pyrrole (40) : 
3-Broinochromone (0.3 g, .001 mole) was dissolved in ace to-
n i t r i l e (15 ml) . To i t was added l - an i l i no - l -me thy l t h io -2 -
n i t roe thylene (0.280 g, .001 mole) and s in tered potassium carbo-
na te (0.256 g, .002 mole). The reac t ion mixture was heated 
for 6-7 hrs a t 50-60°C. Di lu t ion with water and ether ex t rac -
t i on e t c . gave gummy mater ia l which was chromatographed over 
s i l i c a g e l . Elution with chloroform-light petroleum ether 
(50:50, v/v) afforded a deep yellow greenish gummy mater ia l 
which was c r y s t a l l i s e d from benzene-petroleum e ther as greenish 
p l a t e s , (130 mg), m.p. 110-15°C. 
Spect ra l data : 
IR (KBr) V max : 1625, 1605, 15O0 and 1340 cm"-*". 
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••"H-NMR (200 MHz) ; d 2.4 (3H, s, -SMe), 6.9-7.6 (9H, n, 
CDCI3 Ar4i and =CH-), 7.9 (IH, d, Ar-H), 11.2 
(IH, s, -OH). 
Mass (rel. int.): m/z 354 (Mt, missing), 352 (100), 305 (9), 
260 (21), 233 (31), 186 (53), 154 (16), 
120 (88) and 77 (40). 
Methylation of (40) with CH3I. ; Formation of l-phenyl-
2-thiomethvl-3-nitr<^-(2*-methoxvbenzovl)pyrrole (41) : 
Methylation of (40) by the procedure given earlier gave 
yellow needles from methanol (190 rog), m.p. 121-25°C. 
IR (KBr) "^ max z 1630, 1600, 1495, 1455, 1420, 1330 and 
1300 cm"-^ . 
^H-mR (60 MHz) : d 2.35 (3H, s, -SMe), 3.85 (3H, s, -OCH3), 
CDCI3 6.8-7.55 (lOH, m, Ar-H and =Cfi-). 
Mass (rel. int.): m/z 368 (Mf, 72), 351 (9), 321 (7), 274 
(3), 203 (3), 187 (5), 170 (10), 151 (22), 
135 (100), 105 (9), 92 (15), and 77 (60). 
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Preparation of l-methvlamino-l-methvlthlo-2-nltro ethylene 
(42) : 
Nitro ketene dithioacetal (1.0 g) was dissolved in 
ethanol (40 ml). Methylamine hydrochloride (0,409 g ) 
and sodium bicarbonate (0.509 g ) were added. The 
reaction mixture was refluxed on water bath for 10 hrs, kept 
at room temperature for a week. The product which crystallised 
out was filtered, and recrystallized from benzene (300 mg), 
m.p. 110-15 C, 
Reaction of 3-bromochromone with l-methylamino-l-methvlthiQ-
2-nitro ethylene (42) ; Formation of l-methvl-2-thiomethvl-
3~nitro--5-(2*-hydroxYbenzovl)pvrrole (43) : 
3-Bromochromone (0.5 g, ,002 mole) was taken in aceto-
nitrile (15 ml), l-Methylamino-l-raethylthio-2-nitroethylene 
(0.328 g .002 mole) and K2CO3 (0.459g, .003 mole) were added. 
The reaction mixture was refluxed on water bath for 15 hrs. 
Dilution with water, ether extraction etc. gave gummy material 
which was chromatographed over silica gel. Elution with 
chloroform-petroleum ether (50:50, v/v) gave yellowish gummy 
material which was crystallised from benzene-petroleum ether 
as greenish plates, (170 mg), ro.p. 126-31 C. 
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IR (KBr) ^max : 1625, 1605, 1575, 1500, 1495, 1480, 1445, 
1405, 1375, 1350 and 1335 cm"^. 
H^-hJMR (200 mz)i d 2.55 (3H, s, -SMe), 4.1 (3H, s, -NCH3), 
CDCI3 6.9-7.1 (2H, m, Ar-H, H-3*,5*), 7.4 (IH, 
s, =qi-), 7.6 (IH, t, Ar-H, H-4*), 7.8 (IH, 
d, Ar-H, H-6*), 11.4 (IH, s, -OH). 
Mass (rel.int.) : m/z 292 (Mt, 100), 276 (2), 262 (3), 246 
(4), 230 (2;, 212 (2;, 199 (8), 172 (73), 
142 (11), 121 (62), 112 (13) and 93 (25). 
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DISCUSSION 
Reactions of 3-formvlchromone : 
The reactions of chromone carboxaldehydes were primarily 
of interest in the construction of the benzofuran system such 
as that of Khellin"^ (Scheme-i;. 
OMe OMe 
MeOOC 
OMe 
Me2S04 
K2CO3 MeOOC 
OMe OMe 
HOOC 
AC2O 
AcONa 
OMe OMe 
(Scheme-l) 
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Later on i n t e r e s t was focused on the synthe t ic po t en t i a l 
of 3-forDttylchromone {I), I t was found that i t r e a c t s read i ly 
2 
with e lect ron r i ch dienophiles such as e thyl v iny l ether t o 
give the pyranopyran (2) and with diphenyl keten (3) t o give 
14). 
f Benzene^ 
0 ^ 
(1) 
OEt 
The aldehyde function condenses readily with amines and 
active methylene compounds also. The oxime (5) resulting 
from the reaction with hydroxylamine hydrochloride undergoes 
an interesting base catalysed rearrangement to give 2-amino-
3-forrayl chromone (6) • 
41 • * t j . • 
NHoOH.HCl 
0 > 
(1) 
NOH 
0 —H 
^NH43H 
0 6-H 
(6) 
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The Diels-Alder cyclisation occurs also with 3-(aryl-
iminomethyl) chromone derivatives such as (8), the condensa-
tion with dichloroketen^ (9) giving (10). 
(1) (7) 
N-Ph 
CI CI 
CI 
(9) (10) 
Later studies by Suschitzky made use of electrophilic 
reactivity of the pyrone double bond. Thus the reaction of 
(l) with aminoester (11) involves both the double bond and 
the aldehyde group and gives (12) by the two possible pathways 
illustrated below. 
43 
0 
+ NH2-CH2-C-0Et 
The other product of this reaction was identified as 
2-carbethoxy-4-(2-hydroxybenzoyl)-6-[chroiaone-3-yl]pyridine 
(15). The author suggested (13) as the key intermediate in 
the formation of this product, as it can cyclise through bond 
migration to (14) followed by aromatisation. 
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h(OH) h(OH) 
N COgEt 
R = Et02C-CH2-NH-
(14) 
Ph(OH) 
C02Et 
(15) 
Also of interest in the context of electrophilic reacti-
vity of the pyrone double bond in (l) is its reaction with 
iodohydrin which gave (16) under mild basic conditions. 
+ I-CHg-CHg-OH 
CHO 
(16) 
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Cyclic esters similar to (2) have found application in 
synthesis. Thus (18), resulting through condensation of (17) 
with methoxy propene (19) was converted through rhodiiM 
catalysed bond migration to (20) and then in simple steps to 
Pa 
CH 
II 
11 
CH 
7' 
Me G f\ ^ ^ 
CH3 
POCH 
1 
^0 
OMe 
(17) (19) (18) 
(21) which has the heterocyclic ring system characteristic 
of the fungal metabolite fulvic acid* Of particular interest 
in the context of the present work is the reaction of (2) 
(20) (21) 
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with acids which leads, through rearrangement of the type 
discussed in connection with the oxime (5), to the aldehyde 
(23)^. 
(2) 
(22) 
-H2O 
CHO CHO 
The above summary of the literature on 3-formylchromone 
and its derivatives leaves open the possibility of further 
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reactions of the adduct (2). Thus there is no report of any 
reaction of (2) with amines* though (2) has an electrophilic 
double bond. Further, under appropriate conditions, the 
acetal function might also cleave to give products other than 
the aldehyde (23). With this in mind (2) was reacted with 
dilute sulphuric acid in presence of a large excess of acetone 
which could capture the transitory intermediate (24) which, 
in view of the poor availability of electrons on the enolic 
oxygen indicated by arrows, should be produced through proto-
nation of the -OEt group (Scheme-2). 
H2O 
•> (23) 
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-H2O 
V^H. H. (25) R = CH3 
(27) R = Ph 
(32) R = Ph(0CH3) 
(Scheme-2) 
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When the reaction was conducted under above conditions 
i.e. with large excess of acetone, (25) was indeed found to 
be the major product. It was accompanied, however, by varying 
amounts of the aldehyde (23) and the semiacetal (26) • 
Intermediacy of (24) in the reaction is based on the 
observation that on treatment with acetone under identical 
conditions the aldehyde (23) was recovered unchanged. 
The identification of (25) as the reaction product foll-
ows from M. at m/z 240 (fig. 1 ) and carbonyl bands at 1660 
and 1640 cm~ . In the nmr spectrum (fig. 2 ) incorporation 
of acetone in the intact chromone nucleus is indicated by the 
double doublet of the peri proton (H^) at d 8.2 and singlets 
0 ® 
of the C-2 hydrogen (H^) and -C-CHg group at d 8.05 and 2.3 
respectively. Two doublets with large coupling constants at 
d 6.22 (J = 14.9Hz) and 6.67 (J = 15.1Hz) define unambiguously 
the side chain protons. Further, the most prominent peak in 
the mass spectrum is at m/z 196 representing loss of the 
-COCHo group. 
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To explore the generality of the reaction acetone was 
replaced by acetophenone. The reaction gave (27) in even 
better yields but what is intriguing is that the aldehyde (23) 
(2) + Ph-C-CH^ "^  ^ > 
and the semiacetal (26) were totally absent in the reaction 
mixture. The mass spectrum (fig. 3 ) of the product showed 
MI" at m/z 301 rather than at the required value m/z 302. This 
is probably due to error in computer counting but another 
possibility is rearrangement of M, to (28) followed by loss 
of one hydrogen. 
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-H* 
0>^^Ph 
The region between d 6.5 - 8.2 in the 90 Afiiz spectrum 
of (27) was too crowded and poorly resolved which made it 
necessary to obtain a 4CX) MHz spectrum. The aromatic region 
in this spectrum (fig. 4 ) is still crowded but doublets of 
the olefinic protons at higher field and of the C-5 hydrogen 
(H ) of the chromone nucleus at d 8.3 are clearly marked out. 
The singlet of the C-2 hydrogen (H^) is at d 8.1. 
The positive outcome of the above reactions suggested 
that condensation of (2) under the same conditions with 
o-hydroxy acetophenone might lead to (29) or its cyclisation 
product (30). 
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(29) 
(30) 
However, ne i the r of these two were formed and the r eac -
t i o n yielded only the aldehyde (23) . Since f a i l u r e of o-hy-
droxyacetophenone t o undergo t h i s react ion may have been due 
to chela t ion , the reac t ion was attempted with the methyl e ther 
(31) , Fur ther , in order t o minimise aldehyde formation, the 
reac t ion was conducted in dry benzene containing c a t a l y t i c 
^JI^CH. 
(32) (31) 
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amounts of p- toluene sulphonic ac id . The reac t ion supplied 
about equal amounts of the aldehyde (23) and the desired (32) 
alongwith varying quan t i t i e s of the semiacetal (26) . The 
s t r u c t u r e (32) follows from the strong peak for Mt a t m/z 332 
( f i g . 5 ) and for Mt-CH30Ph-C0 at m/z 197. C.arbonyl bands a t 
1640 and 1655 cm" and the methoxy s ing le t a t d 3.75 in the 
nmr spectrum ( f i g . 6 ) fur ther confirm s t ruc tu re (32) . 
(32) discussed above i s s t r u c t u r a l l y close t o (34) which 
was a byproduct formed in about 2-4% yield in the react ion of 
*-»-acetyl-2-hydroxyacetophenone (33) with ace t ic anhydride, 
orthoformic e s t e r by Ghosh and co-workers • 
0 O 
(33) 
Since (32) was formed in fair yields, an attempt was 
made to convert it to (30) through acid catalysed demethyl-
ative cyclisation but the two steps could not be combined. 
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dil. HCl (30) 
(32) 
The possibility of this reaction was suggested by the 
observation made in the context of structural work on the 
11 19 
isoflavanone ' (35), which cyclises to (36) on treatment 
with dil, hydrochloric acid under mild conditions. 
dil. HCl 
(36) 
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Demethylation was, therefore, affected with boron tri-
bromide in dichloromethane and the product (37) was cyclised 
to (38) by treatment with I«/DMSO^^. 
(32) 
BBr3/CH2Cl2 
Hw H d Hb N.^^' 
I2/DMSO 
(37) 
(38) 
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The characteristic features of the nmr spectrum (fig. 7) 
of (37) are the two doublets at d 8,3 and 6.8 and the singlet 
at d 8.1 which are easily assigned to resonances of H , H 
and iL. The doublet of Jt^j at d 7.28 is distorted by some 
long range interaction and the CHCl- singlet. The triplet 
and doublet arise from resonances of protons ortho and para 
to the ring oxygen and are masked by multiplets of the benzene 
ring protons. The mass spectrum (fig. s) shows M. at m/z 318 
with a prominent peak at m/z 121. The most characteristic 
peak is the one at m/z 171 arising from fission of the chro-
mone side chain (Scheme-3). 
m/z 318 (100) 
I 
Y 
m/z 121 (55) 
m/z 171 (21) m/z 147 (16) 
(Scheme-3) 
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In the cyclised product (38), the signals of crucial 
significance in the nmr spectrum (fig. 9) are the singlets 
at d 8.22 and 6.38 which arise from C-2 and C-3 pyrone ring 
hydrogens. The doublet of the two peri protons are also 
distinguishable in the down field region. The aromatic region 
of the spectrum is not clearly resolved but even so the 
doublets of the olefinic protons are clearly discernible at 
d 7.38 and 7.78 (J = 15.0 Hz). The mass spectrum of (38) 
shows M. at the required value m/z 316. Other significant 
peaks are at m/z 120 and 196 resulting from the R.D.A. frag-
ment. 
Earlier in the course of this work the reaction of (25) 
with phenylhydrazine had yielded the hydrazone (39) which 
cyclised to (40) on refluxing in nitrobenzene , 
PhNH.NH, 
(25) 
EtOH/AcOH 
(39) 
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(39) 
PhNO. 
(40) 
If instead of the free base the hydrochloride was 
employed the hydrazone was not formed and the reac t ion 
led d i r e c t l y to the cyclised products (40) and (41) . 
PhNHNHo.HCl 
(25) ^ - - > 
AcOH/EtOH 
(40) 
(41) 
69 
/implication of the reaction to (27) yielded two products 
out of which only one could be obtained in pure form. Quartets 
of U and Hj^  at d 3.13 and 3.66 (J^^^ = 16.6Hz, J^^^ = S.SHz) 
and multiplet of H^ at d 4,9 identify it as the dihydropyra-
zole derivative (43), Other signals in the spectrum (fig,10) 
are at expected values. 
Since (27) is formed in much better yields than (25) it 
is a better starting material for the synthesis of such con-
jugated pyrazolo chromones. 
PhNHNHg.HCl 
AcOH/EtOH 
(27) 
(42) (43) 
70 
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The formation of pyrazoles discussed above is unusual in 
14 
as much as the reaction of chromones with amines lead nor-
mally to opening of the pyrone ring. The change in the site 
of attack is obviously due to the greater reactivity of the 
side chain carbonyl group. The reaction of (25) and (27) with 
hydrazine hydrate, however, takes the usual course and gives 
products of ring opening (44) and (45), 
(25) R = CH-
(27) R = Ph^ 
NH2NH2.H2O 
EtOH/AcOH 
(46) 
(47) 
72 
(48) 
-H2O 
Their identification is based on the mass spectrum 
(fig. 11) of (45) which shows tf^t at m/z 316 and base peak 
at m/z 171 representing loss of the side chain as shown 
(Scheme-4). 
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(45) 
0 
+ CH2-CH=CH-C^Ph 
m/z 145 
m/z 171 (100) (Scheme-4) 
Because of the presence of an extra benzene ring the 
nmr spectrum (fig, 12 ) of (45) is too crowded in the region 
of interest. The nmr spectrum of (44) (fig. 13 ) is less 
cluttered and shows two doublets, clearly assignable to R. 
and H because of their large coupling constants (J=l5,2Hz). 
a 
The double doublet (J = 14 and lC»iz) at d 6.65 can be assi-
gned to either H^ or H. . The singlet of the isolated pyra-
15 
zole proton is at d 7,85, close to the reported value d 7.74 . 
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Because of the different results obtained with phenyl-
hydrazine hydrochloride and hydrazine hydrate, it was 
decided to check the outcome of the reaction with hydroxyl-
ainine hydrochloride. This reagent did not attack C-2 of the 
chromone nucleus and yielded instead simply the oxime (49), 
NH^OH.HCl 
(25) 2 » 
EtOH/AcOH 
O H^ H^ ^ HON 
(49) 
On heating with nitrobenzene the oxime (49) was con-
verted to the isoxazolochromone (50) and the xanthone (51). 
(49) 
PhNO. 
0. H 
He 0 Hb 6 N 
(50) 
^^5^^ 
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Formation of the xanthone (51) Is interesting in as 
much as the expected electrocyclic reaction failed with the 
ketone (25) itself. The mass spectrum (fig. 14) of (50) 
has Ait at the required value m/z 253, other peaks in the 
spectrum can be analysed tentatively on the basis of the 
fragmentation shown (Scheme-5). 
> 
m/z 253 (49) 
m/z 171 (53) 
m/z 212 (2) 
0. -'=°1 
m/z 184 (35) 
1-
-H* 
(Scheme-5) 
CH, 1 
m/z 82 
0—N 
-> m/z 183 (100) 
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The nmr spectrum (fig.15 ) shows the doublets of H and 
Hjj at d 6.95 (J = 16,16Hz) and 7.85 (J = 16.16Hz) respecti-
vely and of the oeri proton H^ at d 8.24. The singlet at 
d 8.05 can be assigned only to the C-2 hydrogen (|L) of the 
chromone nucleus, while the singlet at d 6.05 is at the requi-
red value for the isoxazole proton (R,). 
The nmr spectrum (fig. 16) of (51) shows two almost 
overlapping singlets at d 2.6 which together integrate for 
three hydrogens indicating that the compound is a mixture of 
the syn and anti isomers. This is also apparent from the 
doublet at d 8.9 which,infact,arises from the difference in 
chemical shifts of the -OH proton in the syn and anti isomers. 
The rise of the integral over the aromatic region provides 
the basis for evaluating the height of the integration curve 
over one hydrogen. Thus the height of the integral over the 
aromatic region is 117 units and since there are seven aro-
matic hydrogens the theoretical value for the height over one 
hydrogen is 17 units, exactly that over the singlet at d 8.9. 
Similarly the height of the integral over the forked CH^ 
singlet at d 2.6 is 17 x 3 = 51 units. Because it is such 
a mixture, the aromatic region of the spectrum is a very 
complex multiplet. 
The aromatic region of the nmr spectrum of the oxime 
(49) itself can not be analysed for the same reason but at 
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higher field the -CH^ singlet of the more abundant E-
isomer i.e. the isomer in which -CH^ and -CH groups are on 
the same side of the C=N double bond is at d 2.31 and of the 
15 a 
less abundant Z- isomer at d 2,24 . 
The mass spectrum (fig. 17) of the compound (51) is 
problematic because it shows M. at m/z 252 i.e. one mass 
unit lower than required. This one unit difference is obser-
ved in all peaks which can be attributed to the right hand 
side of the molecule. Thus the Diels-Alder fragmentation 
should give rise to peaks at m/z 120 and 133 but the actual 
values are m/z 120 and 132. Similarly the peak due to 
loss of -CO should be at m/z 225 but is actually at m/z 
224, Whether this is due to some computer error or due to 
loss of an allylic hydrogen is uncertain. The only way to 
resolve the problem is to have an FAB or C.I. mass spectrum 
measured but such a spectrum could not so far be obtained. 
Because of the good yields in which the oxime (49) was 
formed it was decided to see if it could be converted to 
amides through Beckmann rearrangement. When the rearrangement 
was attempted with H2S0^ an interactable mixture resulted, 
with SCClrt in dry ether two products were obtained but accord-
ing to their i.r. spectra they were not the expected amides 
but the corresponding chloro derivatives (52) and (53). 
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Hh H. c i 
0 «a K 
(52) 
N-CH3 
(53) 
The nmr spectruna ( f i g . 18, 19 ) of the product 
m.p. 180-84*^C shows the methyl s ing le t at d 2,2 and of the 
other m.p. 198-201°C at d 2 .45 . Since crowding in the 
case of oxime, sh i f t s the methyl resonance to heigher f i e l d , 
the compound m.p, 180-84 C has probably s t r u c t u r e (53) , 
The presence of chlor ine in t h e i r molecules i s evident from 
the i n t e n s i t y of the M+2 peaks and peaks due t o loss of 35 
mass uni t s in each case ( f ig 20, 21) . 
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Reactions of 3-ethoxv-10»oxo-4.4a~dihvdro-3H.lOHFllbenzo-
Dvranof2«3~dlDvran (2) with nitrogen bases : 
As already pointed out the reactive double bond of (2) 
offers another site of attack to nucleophiles and this opens 
the possibility of synthesising heterocycles of the type 
prepared by Ghosh from 2-inethyl-3-acylchromones (54), They 
took advantage of the acidity of the pyrone methyl group to 
prepare enamines (55) which were reacted further on the lines 
of the transformation given below. 
OEt 
^ H-C-N(Me), 
NMe. 
(54) (55) 
+NH. 
-NHMe2 ^ 
-HjO 
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The reaction of (2) with anmionium acetate proceeded with 
opening of the pyrone ring to give 3-(2*-hydroxybenzoyl)pyri-
dine (57) easily identified by peaks at m/z 199 (Mt), 121 
(C*lPhCO) and 78 (pyridine ring) in the mass spectrum and sing-
lets at d 11,75 (-Oi), 8.85 (C|i=N) in the nmr spectrum 
(fig. 22). 
OEt 
0 NH, 
(2) 
: 92 : 
T - \ 
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The reaction of (2) with aniline supplied two products 
one of which was obviously (58), since its nmr spectrum 
(58) (26) 
( f i g . 23 ) i s s imi la r to tha t of the seroi a c e t a l (26) ( f i g . 24), 
Thus the methylene mul t ip le t in both i s centred at about 
d 2 . 5 . The environment of |i. in the two compounds d i f fe r and 
therefore , the 2H mul t ip le t s comprising resonances of H and 
a 
H. between d 5.15-5.5 have different appearance. The aro-
matic regions of the two spectra are^ ^ of course, not comparable 
because of the extra benzene ring in (58). The mass spectrum 
of (58) showed Mt at m/z 293 and base peak at m/z 251 arising 
through loss of the keten moiety probably involving the steps 
shown (Scheme-6). 
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T 
ra/z 293 (33) 
(58) 
r 
m/z 293 (33) 
HNPh 
, HNPh 
m/z 251 (lOO) (Scheme-6) 
The mass spectrum of the other product of this reaction 
shows Mt at m/z 291 (fig. 25) followed by peaks indicating 
loss of C=0 and -OH groups. The ion arising through loss of 
keten, base peak in the spectrum of (58) is missing but the 
m/z 77 peak is strong here also. It gives the characteristic 
deep blue colour of compounds having an o-hydroxy benzoyl 
moiety. On the basis of the value of M. and above data, two 
structiires (59) and (60) are possible for this compound, 
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(59) 
It is not possible to differentiate between the a-pyri-
done structure (60) and y-pyridone structure (59) on the basis 
of =CH- resonances as chemical shifts and multiplicities of 
the concerned protons should be identical in the two cases* 
The problem is similar to that encountered in characterisa-
17 18 tion of a- and y-pyrones ' . Like y-pyrones, y-pyridones 
absorb at lower frequencies than a^yridones, the reported 
19 -1 
values being 1650-1630 cm for y-pyridones and 1690-1650 
cm for a-pyridbnes. The i,r. spectrum (fig. 26) of the 
compound under discussion shows two bands, one at 1645 cm" 
and the other at 1625 cm" . On the basis of comparison with 
the i.r. spectrum (fig.27 ) of 3-(2*-hydroxybenzoyl)pyridine 
(57) the band at 1650 cm" should be assigned to the chelated 
carbonyl. On this basis the compound can have only structure 
(59) as 1625 cm" is too low a value for the alternative 
a-pyridone structure (60), 
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The most deshielded proton in the molecule is H and 
the doublet (J = 2H2) in the nrar spectrum (fig»28 ) should, 
therefore, be assigned to this proton. The contour and 
chemical shift of the doublet at d 7.7 indicates that it is 
the signal of iL,. The dd(J = 7,5 and 2Hz) can be assigned 
to iiw which is coupled to H and H , The doublet of H is 
at d 6.6^ K The triplet at higher field probably arises from 
the resonance of the proton para to the aniline nitrogen, 
the broad doublet to its left is at the expected value for ii^< 
Mechanistically, formation of (59/60) can be explained 
on the basis of Scheme-? given below : 
(58) 
H PhNHc 
(61) 
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(61) 
PhNH-
. ^ \ 
OH 
'0r Hydride acceptor Ph OH ^NPhyp25 
H+/ CH3OH/H2O 
-H 
0 OFf ^"15^ 
Hydride acceptor (59) 
(Scheme-7) 
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The crucial feature of this scheme is abstraction of a 
hydride ion. The hydride acceptor could be the conjugated 
acid (62) as suggested earlier for the formation of pyrylium 
(62) 
PEt 
s a l t s in the BF^-etherate catalysed reac t ion of benzaldehyde 
20 and acetophenone . Under the milder conditions employed for 
the reac t ion a more l i ke ly oxidis ing agent would be the 
Schi f f ' s base (63) . 
(2) + PhNH, 
(63) 
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Conformation of the proposed structure is being sought 
13 through C-nmr spectrum which is not yet available. 
The reaction of (2) with hydrazine hydrate afforded a 
mixture from which one product was isolated through column 
chromatography. Spectral analysis points to structure (64) 
for this compound. 
'^"cHd 
(M) (64a) 
The usual £•!• mass spectrum of the compound showed Mt 
at m/z 212 corresponding to the molecular formula Cj^^HgOgN^. 
The nmr spectrum, however, indicated a total of ten hydrogens. 
A low resolution mass spectrian was, therefore, obtained to 
confirm the molecular formula. This spectrum (fig. 29 ) shows 
Mt at the required value m/z 214, The peaks at tajz 146 and 
120 provide evidence for the presence of a chromanone moiety 
in the molecule but carbonyl absorption at 1650 cm" Is at 
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somewhat lower than the expected value for chromanone which 
is ^ ^1690 ca . The peak at m/z 120 (89?^ ) is, however, too 
characteristic a feature of chromanone mass spectrum for 
presence of such a moiety in the molecule to be ruled out. 
The nmr spectrum (fig. 30) shows three IH multiplets at d 
5,15, 3.37 and 2.82. Here again there is suggestion of a chro-
manone nucleus but the multiplicities, as evident in the 
expanded spectrum and specially the wide separation in the 
chemical shifts of the methylene hydrogen is again in con-
flict with the assumption of a chromanone moiety as such. A 
13 
C-nmr spectrum of the compound was, therefore, obtained and 
is reproduced in (fig. 31). It shows in all 12 carbon atoms 
3 
of which two are sp hybridised. Their chemical shift d 
36.75 and 71,49 are close to values reported for the corres-
21 ponding carbons in chromanone , The signal of the carbonyl 
13 
carbon in the C-nmr spectrum of the compound is, however, 
at d 180.6, whereas the chemical shift of this carbon in 
chromanone is at d 191.4. It is apparent from the above data 
that the chromanone nucleus of the compound is modified in a 
13 
way that affects the i.r, and C absorption of the carbonyl 
group. Structure (64) follows from the spectral data dis-
cussed above and mechanistic considerations given below. 
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OH 
N-H:!^ 
The th ree s ignals at higher f i e ld in H-nmr spectrum 
are now reasonably assigned t o H , Hj^  and H^, The double 
doublet of iJ (J = 9.6 and 4Hz) i s at d 5 .15. In the nmr 
spectrum of (65)» which has a roughly comparable s t r u c t u r e . 
the ddd of t h i s proton i s a t d 5.08 22 
H. 
O y ^ //-aCH3 
(65) 
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Since the seven raembered ring is not completely planar, 
the angles that Mw a"^ M^ cut with the C=N double bond should 
differ and this accounts for the difference in the chenical 
shift of the methylene hydrogens. Only part of the octet at 
d 2.82 is visible the rest is masked by the absorption of 
water in DA«SO-d^ . The broadened doublet at d 7.87 (J = 8Hz) 
is at the right value forHx* Similarly the doublet at d 
6.87 (j » 8Hz) is reasonably assigned to H» Since protons 
ortho and para to the ether oxygen are the most shielded the 
2H multiplet at d 7.0 arises from g^ ^ and it probably con-
tains the double doublet of JL. The broadening of the -hK 
signal at d 10,11 is indicative of its coupling to the adja-
cent proton H (J = 6Hz). 
13 
The C assignments are given in table-1 which shows 
that all values are within the expected range. 
From a mechanistic standpoint one would have expected 
opening of the pyrone ring during attack of the -NFU group. 
If this happens at all the resulting compound cyclises in a 
subsequ€?nt step for it does not respond to FeCl^ reaction. 
It is, however, soluble in dilute base but this happens over 
a period and tic indicates some decomposition* Scheme-s 
represents other possible pathways ofthe reaction and it is 
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Table-1 ; The assigned 100 MHz ^^ C-NMR s p e c t r a l data 
of (64) in CDCI3 + DMSO-d^ 
Carbon (64) d (ppm) (64a) d (ppm) (65) d (ppm) 
3 
4 
4« 
5* 
5 
6 
7 
8 
8« 
9 
9* 
10 
109.04 
36.75 
71.49 
158.62 
116.64 
135.46 
121.07 
126.59 
121.83 
180.60 
134.01 
144.04 
37.7 
66 .9 
161.8 
117.8 
135.8 
121.2 
127.0 
121.4 
191.4 
76.6 
: 115 : 
clear that none of the alternative structures fit the spectro-
scopic data* 
0 ^oO^^-v^OEt V^^ 
NH2NH2 
^^^t 
^ HN—MH2 
(66) 
OH 
-H > 
(67) 
116 
(67) = 
(Scheme-8) (69) 
When Ghosh ^ « ^ . treated the enamine (55) with the 
bisnucleophile ^2^*1, the amine oxide (70) was formed through 
the following sequence. 
(55) 
117 
In this context it was of interest to see whether the 
reaction of (2) with this reagent also resulted in (71). 
118 
-2H 
The product of this reaction which was obtained in 
about 7b% yield, was found to be FeCl^ positive and its nnir 
spectrum was very similar to that of the pyridine (57), It 
is obvious and understandable that aromatisation of (72) 
should occur with opening of the pyrone ring rather than loss 
of two hydrogens. Structure (73) for this compound was con-
firmed by treating it with PClVCHCl-j which gave the pyridine 
(57). 
119 
Reactions of 3~forroylchromone 
3-]-ormylchromone (1) reportedly reacts with m-diethyl-
aminophenol (74) under acidic conditions to give (75), 
NEt' 
NEt, 
(75) 
No reference to a similar reaction of this chromone 
with resorcinol, which is also a powerful nucleophile, could 
be found in literature. The reactions of phenols with un-
saturated aldehydes have been carried out in pyridine in the 
24 25 
context of chromene synthesis * . There seemed no reason 
why resorcinol should not react with 3-formyl chromone (l) 
in pyridine to give a compound analogous to (75) which may 
be capable of further modification. 
120 
The reaction, as expected, wient smoothly and the product 
crystallised out on work up of the pyridine solution without 
recourse to chromatography. The mass and nmr spectra of the 
product supported structure (76) which was confirmed by the 
comparatively better resolved nmr spectrum of the methyl 
ether (77). A characteristic feature of the mass spectrum 
of both (76) and (77) is the strong Mt-1 peak. The peak due 
to the ion resulting through loss of C=<3 is similarly accom-
panied by one 1 a.ra.u. lower. 
-CO 
(76) m/z 238 (25) 
(77) m/z 252 (27) 
0. \io. OR 
(76) m/z 266 (90) 
(77) m/z 280 (lOO) 
-H' 
121 
(76) m/z 265 (53) 
(77) m/z 279 (59) 
-CO 
(76) m/z 237 (ICX)) 
(77) m/z 251 (94) 
The aromatic region of the 60 MHz nmr spectrum of the 
methyl ether (77) (fig. 32) is not clearly resolved but the 
double doublet at d 7.9 (H ) the 2H multiplet at d 6.5 (H, 
and ii^), the IH singlet at d 6.7 (H^), with indication of 
allylic coupling to a deshielded proton (H , s, d 7.45), 
can be interpreted only in terms of structure (77). 
As far as the mechanism of formation of (76) is concer-
ned the point to note is that by working under basic condi-
tions the further addition of the phenol to the double bond 
: 122 
is avoided* 
(1) 
123 
Pyridine 
H 
.0. .no 
^ l^ 
(77) 
K2CO3 
(76) 
The reactive sites in (76) are the double bond and the 
-CH group flanked by two oxygen atoms. In earlier work in 
this laboratory the chromone derivative (78) had been obta-
ined in poor yield along with other products. 
124 
OH ^O. 
(78) 
It was felt that treatment of (77) with triphenyl metha-
nol in trifluoro acetic acid might give the cyclised product 
(79) which has apparently not been synthesised so far. 
C Pho(OH) 
OMe 
-0^ ^0 OMe 
HCPh3(0H) 
C Ph3(0H) 
.0. ^0 OMe 
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When trifluoro acetic acid containing triphenyl methanol 
was added to a benzene solution of (77) and the solution sti-
rred at room temperature for 24 hri, a layer of water separated 
out. Work up of the benzene layer gave a gummy product which 
was shown by tic to be a mixture of three compounds. The mix-
ture was then resolved by column chromatography. 
The i.r. spectrum (fig. 33) of the product m.p. 184-94°C 
shows carbonyl bands at 1710 cm and 1625 cm"* , The higher 
frequency absorption is at a value characteristic of couma-
rins and since the compound shows positive FeCl^ reaction, 
the 1625 cm" band can be assigned to an o-hydroxy benzoyl 
moiety. Structure (80) emerges from these considerations. 
(80) 
It is in accord with the mass spectrum and is supported 
by the nmr spectrum (fig. 34) which shows the singlet of the 
^-proton of the pyrone ring at d 7.94 (H^). A singlet at 
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128 
this value is present in 3-substituted chromones also but 
it is then accompanied by the double doublet of the peri 
proton which is missing here. The aromatic region is not 
sufficiently well resolved to allow other assignments but 
the singlet at d 6.88 is at the expected value for H. . The 
complex pattern in this region containing resonances of three 
hydrogens is reasonably assigned to protons of the more 
highly oxygenated benzene ring of the coumarin moiety, the 
3H raultiplet at lower field can then be assigned protons of 
the o-hydroxy benzoyl group. 
The i.r. spectrum (fig, 35 ) of the product m.p, 283-84°C 
shows two carbonyl bands. The band at 1765 cm~ can be assi-
gned to a lactone carbonyl. The assignment is supported by 
the strong =C-0-C absorption at 1260 cm" . The band at 1655 
cm" clearly belongs to a chromone carbonyl. Based on this 
reasoning and mechanistic considerations highlighted in the 
scheme (9) given below, one arrives at structure (82) for 
this compound. 
C Ph3(0H) 
(77) 
r" 
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(80) 
C PhgCOH) 
MeO 
(81) 
(82) 
(Scheme-9) 
131 
Addition of the -OH group to the double bond under 
acidic reaction condition is only to be expected as the double 
bond is activated by two electron withdrawing groups. The 
subsequent hydride transfer, leads to the stable product (82). 
The ineta coupling of the proton between the two oxygen 
atoms is clearly visible in the nrar spectrum (fig. 36 ) of 
the compound. The double doublet of the peri proton though 
distorted by the doublet of an ortho coupled aromatic proton, 
probably that of H^ (J = 8.1Hz), provides clear indication of 
the presence of the chromone nucleus in (82). 
The nmr spectrum (fig. 37 ) of the third product, m.p. 
199-203°C differs most significantly from that of the other 
two in that it shows two methoxyl singlets in the mid field 
region and a IH singlet at d 5.64. The presence of two metho-
xyl groups in the compound is compatible only with its being 
a dimer. The i.r. spectrum (fig. 38 ) shows a band at 1720 
cm" and a broad band centred at 1625 cm" with indication of 
an inflexion at 1640 cm" . The 1720 cm"-^  band and the sing-
let at d 7,87 suggest that an a-substituted coumarin moiety 
forms part of the structure. The positive FeCl^ reaction 
coupled with the broad band in the carbonyl region of the i.r. 
spectrum requires the presence of an o-hydroxy benzoyl group 
also. Similarly the double doublet of a peri proton and 
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inflexion in the carbonyl band at 1640 cm' indicate the 
existence of a chromone nucleus as well. Further the sing-
let at d 5.64 is at about the same value as the singlet in 
the reported nmr spectrum of (75). The combination of 
these features leads to structure (83) for this compound. 
(83) 
Formation of (83) can be explained on the basis of the 
mechanism given below (Scheme-10). 
HXPh3(0H) 
^'0 
(77) 
OMe 
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OMe 
Jll 
OMe 
C(Ph)30H 
^ ^ ^ 
.0. ^0 OMe 
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OMe 
OMe 
M e O . ^ ^ ^ 
\H^' 
MeO 
(83) 
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The attachment of C-12 of the chromone unit of the 
molecule to C-6 rather than to C-8 of the coumarin moiety 
is based on the presence of singlets of 3 hydrogens in the 
nmr spectrum at d 6.7 (H^), 7.55 (Hj^ ) and d 7,87 (FJ^ ). On 
the basis of the alternate structure (84) one would expect only 
OMe 
(84) 
one singlet i.e. that of C-4 of the coumarin unit. The 
mass spectrum showed M. at the required value, m/z 574 
but only when the spectrum was recorded at 20 eV, At 
70 eV the molecular ion splits, the positive charge being 
retained by the coumarin moiety so as to give only one peak 
at m/z 295. 
EXPERIMENTAL 
The melting points were taken on a Kofler block and 
are uncorrected. Ordinary IR spectra were recorded on the 
departmental IR-408 (Shimadzu), The mass and 60, 90, 100, 
200, 300 and 400 MHz NMR spectra were obtained from diff-
erent institutes in the country and outside. The mass 
spectra were usually measured in the E.I. mode but where 
unstable molecular ions were suspected C.I. or low resolu-
tion spectra were obtained. The mass spectra were recorded 
mostly on JMSD 300, the 60 MHz H-NMR were measured on 
Varian EM-360L (60 ««z), the 90 MHz ^H-NMR spectra were run 
on Perkin Elmer R-32 (90 MHz), 300 MHz NMR spectra were run 
on Brucker NURONTH 001 and 400 MHz FT NMR spectra were run 
on Brucker WM-40C. CDClo was the solvent for samples solu-
ble in it, otherwise DMSO-d. was used. Chemical shifts are 
reported in d values relative to TMS. 
All the solvents and chemicals used were AR grade. 
Ethylorthoformate, dehydroacetic acid, 2*-hydroxy aceto-
phenone,phosphorus oxychloride and N,N-dimethylformamide 
were obtained from Fluka Chemie and E. Merck (Germany). 
27 28 29 
3-Brom6chromone , 3-formylchromone and 3-nitrochromone 
were prepared according to published procedure. 
140 
Reaction of 3~foriavlchromone ( l ) with ethvl v lnvl e the r . 
Formation of 3-ethoXY«10«oxo-^.4a"ClihydrO"3H>10H~[l]-
ben20Dvranor2.3-dilDvran (2) : 
3-Formylchromone ( l , 0 g, .005mole) was dissolved in dry 
benzene (40 ml) and ethyl v inyl ether (l«08 ml,.01 mole) added 
t o i t . The reac t ion mixture was heated on a water bath 
(70-80°C) for 24 h r s . I t was concentrated and allowed to 
stand at room temperature when the adduct (2) c r y s t a l l i s e d 
out as white needles , yield (800 mg), ra.p. 174-76°C. 
Spectra l data : 
UV (MeOH) ^max : 340, 280 and 220 nm. 
IR (KBr) ^max : 1670, 1605, 1460, 1385, 1370, 1330, 
1225 and 1150 cm'^. 
H^-NMR (60 ASHz) : d 1.25 (3H, t, -0-CH2-Cli3)» 2.50 (2H, m, 
CDCI3 -CH-CHg-CH-), 3.88 (2H, m, -O-Ciig-CH^), 
5.20 (2H, m, -£H-CH2-Ca)» 7.50 (IH, ill 
defined d, =Cii-0), 6.8-7.45 (3H, m, Ar-H), 
7.88 (IH, dd, H-9). 
Mass (rel. int.) : m/z 246 (Mt, 12), 218 (31), 201 (18), 
190 (12), 146 (31), 121 (50), 92 (30) 
and 72 (lOO). 
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Reaction of (2) with acetone in dil, H2S0., Formation of 
(:^ )^, (23) ^qc^ i2^) : 
2^ (2.0 g) was dissolved in hot acetone (50 ml) and to 
this solution, H2S0^ (50 ml, 50^) was added dropwise under 
stirring over a period of 30 min. The reaction mixture was 
kept at room temperature for another 15 min followed by addi-
tion of cold water (500 ml). The solid which precipitated 
out was filtered, washed with cold water and dried. The fil-
trate was extracted with chloroform, washed with water, dried 
over anhydrous sodium sulfate and concentrated. The solid 
and the concentrate were combined and subjected to column 
chromatography. Elution of the column with benzene-ethyl-
acetate (95.0:5.0, v/v) afforded a yellow solid. It was cry-
stallised from benzene to give [6l T4-oxo-4H-l-benzopvran-3-
yl]-hexa-3.5-diene-2'*one (25) as shining yellow needles, yield 
(700 mg), m.p. 185-88*^ 0. 
Soectral data : 
IN (MeOH) ^max : 310 and 230 nm. 
IR (KBr) ^max : 1660, 1640, 1600, 1550, 1460 and 
1260 cm"-^ . 
0 
H^-NMfl (100 MHz) : d 2.30 (3H, s, -C-Cii3)» *^ *^ ^ ^^' ^' ^ a^' 
CDCI3 6.67 (IH, d, a^), 7.0-7.75 (5H, m, Ar-H 
142 
and U^, a^), 8.05 (IH, s, H^), 8.20 (IH, 
dd, a^). 
Mass (rel. int.) : m/z 240 (Mt, 70), 225 (8), 211 (3), 196 
(100), 170 (3) and 120 (12). 
Elution of the column using the same solvent mixture 
afforded co lour less granules , r e c r y s t a l l i s e d from benzene 
to give (E)-B(4"OXO-4H-l-benzoDvran-'3~vl)-acrolein (23) . 
yield (fiOO mg), m.p. 154-56°C. 
Spect ra l da ta : 
UV (MeOH) max : 290, 270 and 240 nm. 
Vila A . 
1400 cm" 
IR (KBr) ^max : 1665, 1650, 1615, 1560, 1470, 1415 and 
-1 
H^-NMR (90 MHz) : d 7.20-7.80 (5H, m, Ar-M and H o l e f i n i c ) , 
CDCI3 8.25 (IH, s , H-2), 8.45 (IH, dd, H-5), 
0 
9.60 (IH, t , -C-H). 
Mass ( r e l . i n t . ) : m/z 200 (Mt, 2 ) , 171 (15) , 170 (lOO), 
143 (1) , 120 (3 ) , 114 (8 ) , 92 (2) , 91 
(8) , 64 (5) and 51 ( 7 ) . 
Further e lu t ion of the column with benzene-ethyl ace ta te 
: 143 : 
(90.0:10.0, v/v) afforded a so l id vAiich r e c r y s t a l l i s e d from 
benzene-chloroform as white f lakes (26) = 3~hvdroxv-'10-oxo-4. 
4a-dihvdro-3H.10H~[llbenzoDvranor2.3-dlpvran. y i e ld (100 mg), 
m.p. 100--102°C. 
gpgctral data : 
UV (MeOH) '^ max : 340, 290 and 220 ran. 
IR (Nujol) ^ max : 3300, 1660, 1610, 1585, 1330 and 
1210 cm"-"-. 
H^-NMR (60 mz) : d 2.37 (2H, m, -CH-Cii2-CH), 5.20 (IH, m, 
CDCI3 + DMSO-d^ -0-Cii-CH2), 5.60 (IH, m, -0-CU), 6.70-
7.45 (3H, m, Ar-W), 7.55 (IH, ill defined 
d, -0-Cii=), 7.85 (IH, dd, H-9). 
Mass (rel. int.) i m/z 218 (Mt, 12), 200 (7), 199 (20), 173 
(49), 171 (100), 147 (44), 146 (33), 121 
(100), 104 (20) and 92 (44). 
Reaction of (2) with acetophenone in dil. H2SO.. Formation 
of (E) fll (benzovl)-f4lUH-benzopvran-4-one--3>Yl)-butadiene 
2 (1.0 g) was dissolved in hot acetophenone (10 ml) and 
to this solution, H2S0^ (25 ml, 5051^) was added dropwise 
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under stirring over a period of 20 rain at room temperature. 
The solution was stirred for a further period of 10 min 
followed by addition of cold water (250 ml) and extraction 
with chloroform. The chloroform extract was washed free of 
acid dried over anhydrous sodium sulfate and concentrated. 
The oily residue was subjected to column chromatography. Elu-
tion with benzene-ethyl acetate (98.0:2.O, v/v) afforded a 
yellow solid which was crystallised from benzene as shining 
yellow needles, yield (560 mg), m.p. 204-207°C. 
Spectyal d^ tfl : 
IR (KBr)'^max : 1655, 1635, 1580, 1555, 1460, 1400 and 
1360 cm" . 
^H-NMR (400 MHz) J d 6.75 (IH, d, J = 16.26Hz, H ), 7.15 (IH, 
a 
CDCI3 d, J s 16.00Hz, a^), 7.43-8.0 (lOH, m, 
Ar-H and U^, H^), 8.1 (IH, s, ii^), 8.3 
(IH, dd, a^). 
Mass (rel.int.) : m/z 302 (Mt, missing), 301 (73), 272 (lO), 
196 (100), 171 (63), 149 (25), 121 (28), 
105 (35) and 77 (72). 
Found : C, 79.35; H, 4,95 
^20^14^ ^e^"i^«s ' C, 79.47? H, 4.649i. 
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Reaction of (2) with 2*HniethoxY acetoohenone (31)» Forma-
t ion of ( E ) [ l l (2*~methoxy benzoyl)~[43(4H~benzopyran-4-
one-3-vl)-butadiene (32) ; 
To 2*-methoxy acetophenone (2 ml) in dry benzene (50 ml) 
was added dry p-toiuene sulphonic acid (20 mg) and the adduct 
2 (2 ,0 g ) . The reac t ion mixture was refluxed on water bath 
for half an hour. The benzene solut ion was washed free of 
acid, dried over anhydrous sodium su l fa t e and concentrated. 
The residue was chromatographed over s i l i c a g e l . Elution with 
petroleiun ether-benzene (25 .0 :75 .0 , v/v) afforded a yellow 
s o l i d . I t was c r y s t a l l i s e d from benzene-petroleum ether as 
yellow needles, y ie ld (600 mg), m.p, 160-65°C, 
Spect ra l data : 
IR (KBr) Vmax j 1655, 1640, 1600, 1580, 1550, 1460 and 
1360 cra"-^. 
H^-NMR (90 MHz) : d 3.75 (3H, s, -OC^g), 6.55 (IH, d, 
CDCI3 J = 15.75Hz, H^), 7.05-7.75 (lOH, m, 
Ar-H and U^,* Uf,f H^)' 7.9 (IH, s, Mf)» 
8.1 (IH, dd, H^). 
Mass ( r e l . i n t . ) : m/z 332 (Mt, 100), 317 (10) , 303 ( l l ) , 
197 (71), 181 (16), 171 (7 ) , 152 (34), 
135 (33) , 121 (32) and 79 (74) . 
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Ful ther e lu t ion of the column using same solvent mixture 
affordedl 23, the iden t i ty of which was confirmed by d i r ec t 
comparison (mixture m»p., c o - t l c ) with authent ic sample, 
y i e ld (6CX) mg). 
F ina l ly e lu t ion of the column with benzene afforded the 
semi ace ta l (26) . The i den t i t y was confirmed by d i r e c t com-
parison (mixture m,p,, c o - t l c ) with authent ic sample, y ie ld 
(60 mg). 
Reaction of (32) with boron tr ibromide in dichloromethane. 
Formation of ( E ) Til (2*-hvdroxv benzovl)-r4l(4H-ben20Dvran-
4-one-3-vl)-butadiene (37) : 
32 (0,5 g, -0015 mole) was dissolved in dichloromethane 
(20 ml). Borontribromide (0,280 ml, .003 mole) was dissolved 
in dichloromethane (5 ml) . These two so lu t ions were mixed 
and kept at room temperature for 24 hrs and t h e r e a f t e r worked 
up by addit ion of water followed by ex t rac t ion with ch loro-
form. The ex t rac t was dried over anhydrous sodium su l fa te 
and concentrated, A gummy mass was obtained which was chro-
matographed over s i l i c a ge l . Elution with chloroform gave a 
yellow so l id , which was c r y s t a l l i s e d from benzene, y ie ld 
(370 mg), m.p, 215-20°C. 
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Spectral data : 
IR (KBr) ^  max : 2900, 1660, 1640, 1610, 1580, 1560, 
1465, 1440, 1405, 1355 and 1220 cm"''-. 
•^ H-NMR (400 MHz) : d 6.8 (IH, d, J = 15,34Hz, H), 6.85 (IH, 
CDCI3 t, Ar-ii), 7.02 (IH, d, Ar-H), 7.28 (IH, 
d, J = 15.34Hz, a^ j), 6,9-7.95 (7H, m, 
Ar-il and H^, H^^), 8.1 (IH, s, H^), 8.3 
(IH, d, H ), 12.9 (IH, s, -OH). 
Mass (rel.int.) : nv^ z 318 (Mt, 100), 317 (14), 279 (14), 
197 (89), 182 (28), 171 (21), 159 (28), 
149 (52), 147 (16), 131 (l7), 121 (55), 
105 (31) and 92 (27). 
Reaction of (37) with I^/DMSO. Formation of (E) [l] (4H-
benzoDvran-4-one-2^l)-f2l (4H-benzopvran-4-one-3-vl)-
et^ hyjen^  (?9) : 
A solution of 37 (0,2 g) in dimethylsulphoxide (15 ml) 
was heated with iodine in an oil bath at 130-45°C for 3-5 
hrs and diluted with an aqueous solution of sodium thiosul-
phate (10%, 30 ml). The light yellow solid, thus obtained. 
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was filtered, washed with water, dried and recrystallised 
from ethanol, yield (140 mg), m.p. 237-44°C. 
Spectral data : 
IR (KBr) "^ max : 1645, 1615, 1560, 1470, 1410, 1390, 
-1 
1365 and 1285 cm . 
H^-NMR (400 MHz) : d 6.38 (IH, s, H), 7.38 (IH, d, J=15.0Hz, 
a 
CDCl, UJ» 7.40-7.75 (6H, m, Ar-H), 7.78 (IH, 3^ "b 
d, J = 15.0H2, H^), 8.20 (IH, d), 8.22 
(IH, s, H^ j), 8.32 (IH, d). 
Mass ( r e l . i n t . ) : m/z 316(Mt,87),315 (lOO), 299 ( l l ) , 287 
(60), 271 (11) , 223 (10) , 196 (23), 195 
(24), 184 (6 ) , 171 (12) , 168 (18), 144 
(4) , 139 (22) , 120 (62) and 92 (40). 
Reaction of (27) with phenvlhvdrazine hydrochlor ide. For-
mation of (E) f l l (4H-.benzoDvran-4-one-3-vl)-f2l ( l . 3 - d i ~ 
Dhenvl-2-Dvrazoline-4-vl)-ethvlene (43) : 
27 (0.5 g) was dissolved in ethanol (25 ml) and g l ac i a l 
acet ic acid (8 drops) and phenylhydrazine hydrochloride 
(0.408 g ) , added to i t . The r e su l t i ng reac t ion mixture 
was refluxed on a water bath for 6-7 h r s . I t was concentrated, 
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followed by addition of water (40 ml) and extraction with 
chloroform. It was then washed with water, dried over an-
hydrous sodium sulfate and evaporated. The concentrate was 
chromatographed over silica gel. Elution with petroleum 
ether-benzene (50.0:50.0, v/v) gave a white solid which was 
crystallised from benzene-petroleum ether as colourless 
needles, yield (100 mg), m.p. 174-76*^ C. 
$pe<?tria; data : 
1395 cm 
IR (KBr) ^ max : 1635, 1600, 1560, 1500, 1465 and 
-1 
Ha 
H^-NMR (100 MHz) : d 3.13 (IH, q, -C<p^  , J^ ^^  = 8.5 Hz, 
CDCl H 
^ V m " 16.6Hz), 3.66 (IH, q, -C^^^ ), 
J^ ic " ®*^^' V m " 16.6Hz), 4.9(1H, 
m, a^), 6.45 (IH, d, H^, J^^^„^ = 
15.2^z), 6.77-7.77(l4Hz, ra, Ar-ii and 
HJ, 7.88 (IH, s, H-2), 8.25 (IH, dd, 
H-5). 
Mass (rel. int.) : m/z 392 (MI, 73), 300 (21), 221 (40), 
184 (20), 171 (61), 120 (25), 92 (70) 
and 77 (100). 
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Reaction of (27) with hydrazine hydrate : 
27 (0.4g, ,001 mole) was dissolved in ethanol (50 ml). 
Glac ia l ace t i c acid (10 drops) and hydrazine hydrate 2A% (p,2b7 
mlf .004 tiole) added to i t . The reac t ion mixture was 
refluxed on a bo i l ing water bath for half an h r , where the 
colour of the solut ion changed from l i gh t yellow to dark 
yellow. I t was concentrated, d i lu ted with water and ex t r ac -
ted with e ther . The ext rac t was dried over anhydrous sodium 
su l fa t e , concentrated and then r e c r y s t a l l i s e d from chloroform-
met hanol t o give [4] ( l -Dhenvl- l -oxo-2.4-Dentadiene-5-vl)- r5l 
(2*-hydroxy phenvlj-pyrazole (45) as yellow c r y s t a l s , y ie ld 
(260 mg), m,p. 169-72°C. 
Spectral data : 
IR (KBr) V max s 3150-2950 (broad), 1645, 1600, 1585, 1560, 
1535 and 1500 cm - 1 
•^ H-NMR 
DMSO-d, 
(400 MHz) : d 6 .80 (4H, m, Ar-*i and H^ or H^), 7 .05 
(IH, d, J := 14,28Hz, i^j), 7.2 (IH, t , Ar-Fj)^ 
7.25 (IH, d, Ar-a) , 7 .4-7 .55 (4H, m, Ar-jH[, 
Hg and U^ or Hj.), 7.85-7.9 (2H, m, Ar-H), 
7.95 (IH, s, broad, -NH), 8.00 (IH, s, H )• 
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Mass (rel.int.) : m/z 316 (Mt, 33), 299 (14), 211 (47), 197 
(26), 184 (30), 172 (24), 171 (ICX)), 157 
(13), 125 (10), 115 (18), 105 (45), 77 
(60) and 57 (57). 
Reaction of (25) with hydrazine hvdrate ; 
25 (0«6 g, .002 mole) was dissolved in ethanol (50 ml) and 
glacial acetic acid (10 drops) and hydrazine hydrate 24^ (o,5 
ml, ,008 mole) were added to it. The resulting mixture 
was refluxed on a water bath for one hour and concentrated, 
followedl by addition of water and extraction with chloroform. 
The extract was dried over anhydrous sodium sulfate, concen-
trated and subjected to column chromatography. Elution with 
chloroform-methanol (98.0:2.0, v/v) afforded (44) = [4] (3,5-
hexadiene-2-one-6-vl)-|[5](2'-hydroxy phenyl)-pyrazole, as 
light yellow solid which was crystallised from chlorofoim-
methanol to give light yellow crystals, yield (100 mg), m.p. 
163-67°C. 
§pe<?tral data : 
IR (KBr) ^max : 3250-3100 (broad), 1655, 1640, 1620, and 
1600 cm*^' 
0 
^H-NMR (400 *4Hz) : 2.3 (3H, s, -C-CH,), 6.15 (IH, d, J=15.0Hz, 
: 152 : 
CDCI3 H^), 6.65 (IH, dd, J = 14 and lOHz, H^ ^ 
or H^), 6.95-7.1(4H,m,Ar4i + H^ ^ or H^), 
7.25 (IH, d, J = 15.0Hz, H ), 7.45 (IH, d, 
a 
Ar-H), 7.85 (IH, s, H^). 
Mass (re1.int.) : m/z 254 (Mt, 10), 221 (10), 197 (53), 
189 (27), 171 (88), 155 (l5), 120 (l4), 
104 (25), 85 (30) and 77 (42). 
Reaction of (25) with hvdroxvlamine hydrochloride. Formation 
of (E) f6l (4H-benzoDvran~4~one->3-'vl)~3y5'"rh.exadiene-2-'one~ 
oxime (49) : 
25 (0,2g,.001 mole) was dissolved in ethanol (30 ml) and 
to it was added hydroxyl amine hydrochloride (0.056g, .001 male] 
The reaction mixture was refluxed on a water bath for 2 hrs. 
It was concentrated and cooled to room temperature, when 
yellow shining needles crystallised out. It was filtered off, 
washed vdth ethanol and dried, yield (180 mg), m.p. 219-20°C. 
Spectral data : 
IR (KBr) ^ max : 3250-2900 (broad), 1640, 1605, 1550, 
1465, 1415 and 1360 cm"^, 
^H-NMR (90 MHz) : d 2.24, 2.31 (3H, 5,-0143), 6.35 (IH, d, 
TFA Ha), 6,7-7.65 (6H, m, Ar-H and H^ ,, H^ ., 
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H^j), 7.95 (IH, dd, H-5), 8.2 (IH, s, 
H-2), 3H singlets in the ratio of 1:2. 
Mass (rel.int.) : m/z 255 (Mt, 7), 239 (26), 238 (lOO), 
224 (12), 197 (9), 121 (lO), 118 (23), 
92 (5), and 91 (7). 
Formation of (50) and (51) : 
49 (0.4 g) was taken in nitrobenzene (10 ml) and 
refluxe<l on an oil-bath for one hour. The reaction mixture 
was chromatographed over silica gel. Elution with benzene-
ethylacetate (95.0:5.0, v/v) afforded (E) Til (4H-benzoDvran-
4-one->3-vl)-r2l (3-roethYlisoxazole-5-vl)-ethvlene (50) as 
brownish crystals^ yield (65 mg), m.p. 163-66°C. 
Spectral data : 
IR (KBr) ^  max : 1660, 1640, 1620, 1550, 1465, 1415 
and 1355 era" . 
^H-NMR (400 MHz) : d 2.25 (3H, s, -CH3), 6.05 (IH, s, H^), 
CDCI3 ^'^^ (IH, d, J = 16.16Hz, M ), 7,39-7.7 
(3H, m, Ar-ti), 7,85 (IH, d, J = 16.16Hz, 
Eb). 8.05 (IH, s, ii^), 8.24 (IH, dd, H^). 
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Mass (re 1 . i n t . ) : m/z 253 (Mt, 49), 216 (8 ) , 197 (20), 184 
(35), 183 (100), 171 (53) , 155 (9) , 128 
(12), 121 (25) , 120 (10) and 92 (45) . 
Fui'ther e lu t ion of the column with benzene-ethylacetate 
(93 .0 :7 .0 , v/v) afforded a s o l i d . I t was r e c r y s t a l l i s e d from 
benzene-petroleum ether to give 4--acetvl-xanthone-oxime (51). 
y ie ld (52 mg), m.p. 224-26°C, 
?p?<?traJ, data : 
IR (KBr) ^max : 3600-2900 (broad), 1650, 1630, 1620, 
1595, 1555, 1545, 1470, 1420 and 1340 
cm" . 
H^-NMR (60 MHz) : 2.62,2.55-(3H, s, -CH3), 6.85-8.l(7H, m, 
CDCI3 Ar-H), 8.8,8.95(s,^^l/2H each, -OH), 3H 
singlets in the ratio of v^ 1*4:1.6. 
Mass (rel.int.) : m/z 253 (Mt, missing), 252 (lOO), 224 
(23), 207 (13), 168 (16), 132 (80), 120 
(43), 105 (14), 104 (37), 92 (36), 78 
(30) and 65 (41). 
Reaction of (49) with SOCI2 in dry ether (Beckmann rearrange-
mex2ll i. 
The oxime 49 (o,540g, ,002 mole) was taken in dry ether 
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(25 ml) and freshly distilled SOCl^ (0,63 ml, *003 mole) was 
added to it. The reaction mixture was stirred at room tem-
perature for one hour and thereafter the ether was distilled 
off. The black residue was hydrolysed with an excess of 
water and the supernatant liquid filtered. The residue was 
chromatographed over silica gel. Elution with benzene-ethyl 
acetate (95.0:5.0, v/v) afforded a colourless solid which 
crystallised from benzene-petroleum ether to give fll (l*~ 
chloro ethvlidene-imino)-r4l (4H-benzoDyran-4-one-3-yl)-
butadiene (52). yield (55 mg), m.p. 198-201°C. 
Spectral data : 
IR (KBr) '''max : 1640, 1610, 1550 (broad), 1465, 1400, 
1360 and 1260 cm""^ . 
•^ H-NMR (300 MHz) : d 2.45 (3H, s, -CH3), 7.17 (IH, d, J = 
DMSO-d^ 15.2Hz, ii^), 7,55 (IH, t), 7.6-7.85 (4H, 
m, Ar-H and ^^, H^), 7.9 (IH, d, J = 
15.'2Hz, a^), 8.15 (IH, dd, H-5), 8.8 (IH, 
s, H-2). 
Mass (rel.int.) : m/z 274 (Mt, 75), 240 (2I), 239 (lOO), 
231 (26), 210 (10), 197 (56), 196 (ll), 
195 (33), 168 (19), 121 (17), 105 (17), 
92 (20) and 91 (26). 
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Further elution of the column using same solvent mixture 
afforded a second product = (l-methvlimino-l--chloro)-r5l (4H-' 
ben20Dvran-4-'one"3-vl)-2.4-'Dentadiene (53), It was recrysta-
llised from benzene, yield (50 mg), m.p. 180-84*^ C, 
?p?9ty^i data : 
IR (KBr) Vmax : 1665, 1645, 1615, 1555, 1465, 1415, 1365 
and 1265 cm" . 
H^-NMR (90 MHz) : d 2,2 (3H, s , -C^a)* 6.1 (IH, d, J = 
DMS0-d^+CDCl3 15.0Hz, H^), 6.75 (IH, d, J = 14,2Hz, 
ij(^), 6 .98-7.9 (5H, m, Ar-ii and iJj^ , H^), 
8.05 (IH, dd, H-5), 8.35 (IH, s, H-2). 
Mass (rel. int.) : m/z 274 (Mt, 9), 241 (14), 240 (83), 239 
(18), 225 (9), 198 (18), 197 (lOO), 141 
(10), 121 (19), 120 (7), 92 (lO) and 
77 (12). 
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The Reaction of (2) with ammonium acetate. Formation of 
3-(2*-hvdroxv benzoyl)~Dvricllne (57) : 
2 (1.0 g, .004 mole) was dissolved in benzene (50 mi). 
To it was added ammonium acetate (1,57 g, ,02 mole) and the 
resulting reaction mixture was refluxed on a water bath for 
12 hrs. It was concentrated and gummy residue was chromato-
graphed over silica gel. Elution of the column with petroleum-
ether-chloroform (50,0:50.0, v/v) afforded a light yellow 
gummy mass which was recrystallised from chloroform-petroleum 
ether, yield (450 mg), m.p. 78-81°C. 
IR (KBr) V max : 2900-2350 (broad), 1650, 1610, 1595, 
1455, 1310 and 1260 cm'-"-. 
H^-NMR (400 MHz) : d 6.8 (IH, t, H-5*), 7.0 (IH, d, H-3«), 
CDCI3 7.35-7.5 (3H, ro, Ar-ji, H-4*, H-5, H-6 ), 
7.9 (IH, dd, H-6*), 8.73 (IH, d, H-4), 
8.85 (IH, s, H-2), 11.75 (IH, s, -OH). 
Mass (rel. int.) : m/z 199 (Mt, 96), 198 (69), 181 (12), 
121 (100), 120 (14), 106 (13), 93 (lO), 
78 (35) and 65 (39). 
: X58 : 
The Reaction of (2) with a n i l i n e . Formation of 3-hvdroxv-lO-
oxo-^.4a-dihvdro~3H.lOH-ll1 benzopvranof2.S-d1-2~Dhenvl-
pvridine (58) : 
2 (1.0 g) was taken in 98?i ethanol (15 ml) and an i l ine 
(0.370 ml) added. The mixture was heated on a boi l ing water-
bath for 10 h r s . and then l e f t at room temperature over-
n ight . The c r y s t a l l i n e depos i t , about 550 mg, was col lected 
and the mother l iquor concentrated and chromatographed over 
s i l i c a gel using chloroform-roethanol (98 .0 :2 .0 , v/v) mixture 
for e lu t ion . The e lua te was co l lec ted and concentrated to 
almost dryness . C rys t a l l i s a t i on from chloroform-methanol 
gave another 150 mg. Combined yield of 58 (700 mg). Only 
t r ace ijmount of 59 obtained on fur ther e lu t ion of the column 
m.p. 175-80°. 
?p?c^ raJ, data : 
IR (Kar) *>fmax : 3200, 1640, 1605, 1580, 1550, 1530, 
1460, 1335 and 1265 cm~^. 
H^-NMR (90 MHz) • : d 2.0-2.5 (2H, m, -CH-CMg-CH), 5.15-5.5 
DMSO-d^ (2H, m, H^ and U^), 6.88-7.5 (9H, m, 
Ar-il and =£H-N), 7.75 (IH, dd, H-9). 
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Mass (re. int.) : m/z 293 (Mlt, 33), 276 (19), 275 (14), 
252 (17), 251 (100), 250 (15), 248 (12), 
247 (40), 173 (11), 172 (16), 171 (s), 
154 (14), 121 (12), 120 (4), 93 (16), 
92 (10) and 77 (60). 
The reaction of (2) with anillne/AcCH : Formation of 
l-phenvl-'3"(2*-hydroxy benzovl)Dvridine-4--one (59) : 
2 (0,5 g, .002 mole) was dissolved in 98Jli ethanol (50 
ml) on boiling water-bath. Acetic acid (0,3 ml) and aniline 
(0.184 ml, .002 mole) added and the solution gentaly refluxed 
on a water bath for 10 hrs, concentrated to about 5 ml, water 
2 ml was added and the reaction mixture kept overnight in 
refrigerator. The precipitated material was removed by fil-
teration and crystallised from chloroformHonethanol. Due to 
presence of small amounts of an impurity its spectral data 
is ambiguous. To the filtrate, water (100 ml) and an equal 
amount of chloroform added and the chloroform layer separated 
after stirring the mixture on a magnetic stirrer overnight to 
avoid emulsion formation. The aqueous layer was shaken vigo-
rously in separating funnel with chloroform and the extracts 
combined, washed and dried and concentrated. The residue 
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was chromatographed over s i l i c a ge l . Elution with ch loro-
form-methanol (98 .0 :2 ,0 , v/v) afforded oi ly ma te r i a l . 
Dissolved in benzene-petroleum ether and l e f t in r e f r i g i r a -
t o r for 24 h r s . The c r y s t a l l i n e deposit (35 mg) of (58) was 
f i l t e r e d and the mother l iquor was again concentrated and the 
residue (213 mg) c r y s t a l l i s e d from benzene-petroleum ether 
(120 mg), m.p. 191-94°C. 
^pectia; data : 
IR (KBr) max : 3050, 1645, 1625, 1580, 1490, 
1440 cm""-^ . 
•^ H-NMR (400 MHz) : d 6.64 (IH, d, H^), 7.87 (IH, t, Ar-H), 
CDCI3 6.97 (IH, d, a^), 7.4-7.55 (6H, m, Ar-H), 
7.67 (IH, dd, J = 7.5 and 2Hz, ijj^ ), 
7.7 (IH, d, ij^), 7.94 (IH, d, J = 2Hz, 
H ), 11.94 (IH, s, -qi). 
a 
Mass (rel. int.) : m/z 291 (MI, 100), 290 (27), 275 (27), 
274 (82), 263 (13), 262 (63), 246 (42), 
198 (8), 173 (9), 154 (8), 133 (5), 
121 (10), 112 (18), 104 (15), 91 (3), 
and 77 (44), 
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Reaction of (2) with hydrazine hydrate* Formation of 2H-5. 
5a-dihydro-diazeDinor5.6~b] fll benzopyran-ll-one (64) : 
2 (0,3 g, .001 mole) was dissolved in ethanol (40 ml). To 
it was added hydrazine hydrate 24J^  (0.244 ml, ,004 mole) and 
acetic acid (5-6 drops). The resulting reaction mixture was 
refluxed on a water bath for one hr. It was concentrated 
and diluted with water. Ether extraction etc. gave dark 
yellow sticky material which was chromatographed over silica 
gel. Elution with chloroform-methanol (98.0:2.0, v/v) 
afforded a deep yellow solid which crystallised from chloro-
form-petroleum ether as deep yellow crystals, yield (110 mg) 
m.p. 196-99°C. 
Speci^ fai data * 
IR (KBr) ^ max 3250, 1650, 1600, 1580, 1540, 1510, 
1465, 1370, 1350, 1330, 1260 and 
1235 cm"^. 
H^-NMR (400 MHz) : d 2.82 (IH, octect;, H^^ or H^), 3.37 (IH, 
CDCl3+i:)MS0-d^ octect , H^ or Mj^ ), 5.15 (IH, dd, H^), 
6.87 (IH, d, tig), 7.0 (2H, m, U^ and H^), 
7.4 (IH, m, H^), 7.62 (IH, d, H^), 7.87 
(IH, d, iJ^), 10.11 (IH, s , broad, - I « ) . 
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C.I. mass .* m/z 214 (MI, 100), 185 (9), 172 (12), 
(rel.int.) 146 (24), 120 (90), 93 (15), 92 (14) 
and 65 (15). 
Reaction of (2) with hydroxylamine hydrochloride. Forma-
tion of 3~(2*-hydroxy benzovl)Dvridine-l-oxlde (73) : 
2 (1,0 g, ,004 mole) was dissolved in ethanol (40 ml) and 
hydroxylamine hydrochloride (0.283g, .004 mole) added to it. 
The reaction mixture was refluxed on a water bath for one hr, 
concentrated. Addition of water (50 ml) and extraction with 
chloroform followed by usual workup gave light yellow solid 
which was crystallised from benzene-petroleum ether, yield 
(660 mg), m.p. 137-46°C. 
Sp^gUaJl data • 
IR (KBr) ^  max : 3075, 1660, 1600, 1555, 1460, 1450, 1305, 
1290, 1260, 1240 and 975 cm"-*". 
H^-NMR (200 MHz) : d 6.9 (IH, t, H-5*), 7.1 (IH, d, H-3*), 
CDCI3 7.3-7.7 (4H, m, Ar-H, H-4*,6* + Pyridine-
H, H-5,6), 8.35 (IH, d, H-4), 8.4 (IH, 
s, H-2), 
Mass (rel.int.) : m/z 215 (Mt, 51), 199 (19), 198 (79), 
163 
186 (44), 171 (20), 170 (27), 146 (17), 
128 (13), 121 (100), 93 (42), 78 (38), 
65 (80), 63 (26) and 51 (15). 
Reaction of 3~formvlchromone (l) with resorcinol. Formation 
of 3"hydroxy-5aH,llH{l]benzopyrano[2,3~b3 [l3benzopyran-ll~ 
one (76) : 
Resorcinol (0,632 g, ,005 mole) and 3-formylchromone (l.O g, 
,005 mole) were dissolved in pyridine (6 ml). The resulting 
solution was heated on a water bath for 7 hrs and worked up 
by addition of water and extraction with chloroform. The 
chloroform layer was repeatedly washed with water to remove 
pyridine, dried over anhydrous sodium sulfate and evaporated. 
The solid residue was crystallised from chloroform-methanol 
to give deep yellow powdery crystals, yield (580 mg), m,p, 
223-30°C (decomp.). 
Spectral data : 
IR (KBi) ^max : 3150-3000 (broad), 1655, 1610, 1545, 
1460, 1370, 1330, 1290 and 1220 cm""^ . 
•••H-NMR (90 MHz) J d 6.4 (2H, m, ^^ and H^), 6.6 (IH, s, 
iL), 6.9-7,6 (5H, m, Ar-H and H ), 7,8 CDCI3 -ir DMSO-d^ 
(IH, dd, H ), 
a 
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Mass ( r e l . i n t . ) i m/z 266 (Mt, 9 0 ) , 265 ( 5 3 ) , 238 (25) , 
237 (100) , 210 ( 7 ) , 181 ( 7 ) , 152 ( 4 ) , 
105 ( 1 3 ) , and 63 ( l O ) . 
Methyla t ion of (76) with CH^I/Acetone/K^CO^. Formation of 
3-methoxv~5aH. l lHf l lbenzoDvranor2 .3~bi r i1benzoDvran- l l -one 
1 7 2 1 . : 
76 ( 1 . 5 g) was methyla ted wi th methyl i o d i d e (3 ml) 
over potass ium ca rbona te (1 .56 g) fo r 4 h r s a t r e f luxed 
t e m p e r a t u r e . I t was worked up as usual and c r y s t a l l i s e d 
from methanol as l i g h t ye l low c r y s t a l s , y i e l d (1 .114 g ) , 
m.p. 163-68°C. 
$ p e c t f a l d a t a : 
IR (KBr) ^max : 1660, 1610, 1590, 1550, 1500, 1465, 
1350 and 1275 cm"""^ . 
^H-NMR (60 MHz) : d 3 .78 (3H, s , -OC^g), 6 . 5 (2H, m, \i^ 
CDCI3 and t i ^ ) , 6 .7 (IH, s , H^), 6 .85 -7 .32 
(4H, m, A r - a ) , 7 .45 (IH, s , H^) , 7 .9 
(IH, dd, H^) . 
Mass ( r e l . i n t . ) : m/z 280 (Mt, 100) , 279 ( 5 9 ) , 252 ( 2 7 ) , 
251 ( 9 4 ) , 236 ( 5 ) , 209 ( l O ) , 197 ( 9 ) , 
121 (16) and 78 ( 1 4 ) . 
: 165 : 
Reaction of (77) with t r lohenvl methanol In t r i f l u o r o 
ace t ic acid . Formation of (80) . (82) and (83) : 
Triphenyl methanol (0.712g, .002 mole) was dissolved in 
t r i f l u o r o a c e t i c acid (2 ml) . 77 (0.767g, .002 mole) in ben-
zene (20' ml) was added and the mixture s t i r r e d at room 
temperature for 24 h r s . At the end of t h i s period the ben-
zene layer was separated from the aqueous l ayer , washed with 
water, dried over anhydrous sodium su l fa t e and concentrated. 
The guniiiy residue was chromatographed over s i l i c a g e l . 
Elution of the column with petroleum ether-benzene (50.0:50,0, 
v/v) afforded a sol id which c r y s t a l l i s e d from benzene as 
l igh t yellow feathery needles = 3-(2*-hydroxy benzovl)-7-
methoxYJri]benzoDyran-2-one (80) . yield (95 rog), m.p. 184-
94°C, 
Spectral data : 
IR (KBr) ^max : 1710, 1625, 1595, 1485, 1445 and 
1375 cm"-'-. 
H^-NMR (100 MHz) s d 3,92 (3H, s, -OCH3), 6.88 (IH, s, Hj^), 
CDCI3 6.95-7.26 (3H, m, g^. He a"<^  Ar-H), 7 .45-
7.61 (3H, m, Ar-H), 7.94 (IH, s, H )• 
: 166 : 
Mass (rel.int.) : m/z 296 (Mt, ICX)), 280 (44), 252 (6), 
226 (7), 204 (30), 177 (70), 149 (86), 
134 (31), 121 (88), 120 (30), 119 (30), 
93 (32), 76 (27) and 65 (70). 
Elution of the column using same solvent mixture affor-
ded a yellow solid which was crystallised from benzene-
petroleum ether to give 3-(2*-hydroxy benzoyl)-7-methoxW^ 11-
benzopyran-2-one-6-yl-^ llH« 12H-3-methoxyr2.3-b1 F llbenzopvran-
12-yl-ll-one (83). as light yellow crystal, yield (100 mg), 
m.p. 199-203°C. 
gpe^Vja; 0ata '* 
IR (KBr) Vmax : 1720, 1640-1600 (b road ) , 1550, 1460, 
1400, 1370 and 1280 cm"^. 
•'•H-NMR (100 MHz) : d 3.80 (3H, 5 , -00^3) , 3 .89 (3H, s , -OCH3), 
CDCl^ 5.64 (IH, s , H ) , 6.7 (IH, s , H ) , 6 . 8 5 -
7.68 (lOH, m, Ar-H), 7 .55 (IH, s , H^^), 
7.87 (IH, s , i l ^ ) , 8 .08 (IH, dd, U^). 
Mass (rel.int.) : m/z 574 (Mt, 9), 297 (5), 296 (52), 295 
(87), 279 (44), 251 (l), 176 (58), 148 
(22), 121 (35), 120 (12), 92 (63), and 
91 (75). 
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Further e lu t ion of the column with benzene afforded a 
sol id which was c r y s t a l l i s e d from benzene to give 3-methoxv-
llH.12HfllbenzoDvrano-11.12-dioxor2.3-c1benzoDvran (82) as 
cream coloured c r y s t a l s , y ie ld (80 mg), m.p, 283-84°C. 
Spectra; data '* 
IR (KBr) ^max : 1765, 1655, 1610, 1550, 1460, 1425, 
1290, 1260, 1100 and 1010 cm*"'-. 
•^ H-NMR (100 MHz) : d 3,96 (3H, s, -OCH3), 6.87 (IH, s, 
CDCl,40K<S0-d, J = 2,lHz, H ), 6.90-7.90 (4H, m, Ar-H 3 0 ""a »• » — 
and H^), 8.1 (IH, d, J = 8.1Hz, H^), 
8.19 (IH, dd, H^). 
Mass (rel.int.) : m/z 294 (Mt, 85), 267 (25), 252 (23), 224 
(21), 182 (8), 167 (9), 154 (19), 140 
(50), 132 (45), 126 (lOO), 112 (50), 97 
(50) and 83 (70). 
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DISCUSSION 
Reactions of 3-nitrochromone : 
In continuation of their work on reactions of 3-acetyl 
and 3-nitro coumarins with diazomethane F.M, Dean je;^, ^ , 
also stiJKJied the behaviour of S-nitrochromone (1) towards 
this reagent. They isolated the cyclopropane (2) in crude 
form as it could not be separated from small quantities of 
the N-oxide (3) which was also a product of this reaction. 
(1) (2) 
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The cyclopropane (2) was found t o be unstable in 
presence of water, r ing cleavage giving the benzoxepin (4 ) . 
More exhaustive work on 3-nitrochromone (1) has been 
2 
reported by Haas £ i . j a i . who took advantage of t h e enhance-
ment of the e l e c t r o p h i l i c p rope r t i e s of chromone by the 
n i t r o group t o prepare hetero aromatic as well as aromatic 
compounds. Thus the reac t ion of 3-nitrochromone ( l ) with 
enamines (5) gave (6) which was converted in s teps t o (7) , 
(7) 
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Similarly the nitrochromone (1) reacted with p-keto 
glutaric acid to give (8). 
0 
11 + Et02C-CH2-C-CH2-C02Et 
NO, Pyridine, A 
C02Et 
(1) (8) 
They did not extend the list of nucleophiles to include 
ethylacetoacetate and acetylacetone. The reaction with acetyl-
acetone, however, should give (9) and that with ethylaceto-
acetate (12), compounds which can be converted in simple 
steps to (13) containing fused indole and chromone moieties. 
OR 
f ^ 7< H 
'^^ T^7<^"^ 
Hfc 0 
(9) R = H 
(10) R = Me 
(11) R = Ac 
(12) 
OEt 
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R = U, Me R = H, Me 
R» = H. S-CH3 
0 
With th i s objective in view 3-nitrochxomone was reacted 
with acetylacetone over potassium carbonate. Work up of the 
reaction mixture gave after chromatography high y ie lds of ( 9 ) . 
Similarly the reaction of 3-nitrochromone ( i ; with ethylaceto-
acetate gave (12) though the yie ld in this case was not as good, 
(1) 
P 0 
ii II 
+ H'aC"^ ~CHrt"^ ~CHo 
COCH, 
Acetone/K2C03 
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NO, 
-^° . 
H, 
OH O OH 0 
(9) 
0 
^ N O . 
0 p 
II II 
CH3-C-CH2-C-OEt 
Acetone 
K2CO3 
(1) 
OH 
<^=^^^Y^ 
0 
(12) 
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Iden t i f i ca t i on of (9) i s based on i . r» carbonyl absorp-
t i on at 1640 cm" , wt a t DH/Z 273 and the nmr spectrum ( f i g . l ) 
of the methyl e ther ( lO). 
The reac t ion of (9) with ethylformate in the presence of 
3 
sodium according t o the procedure of Trivedi ^ . ^ , gave 
the chromone (14) . 
I t s i d e n t i f i c a t i o n follows from M. at m/z 283, nmr 
( f i g . 2 ) doublets at d 6.42 and 7.92 (^ and H. ) and s ing l e t s 
a t d 9.45 (OH), 8.75 (a^) and 7.52 (^i^). (14) was accompanied 
by i t s precursor 2-hydroxy chromanone (15) . 
: 177 
178 
CM 
•rf 
; 179 : 
The mass spectrum (fig.3 ) of the chromanone (15) shows 
a prominent Mt - HgO peak at m/z 283, The structure was con-
firmed by the nmr spectrum (fig. 4) which shows multiplets of 
the pyrone methylene and methine at d 3.2 (which merges with 
the broadl C-OH singlet) and d 5.85. The conversion of (14) 
to (13) was not attempted at this stage as yields of the 
chroroone (14) and chromanone (15) were not good, much material 
being lost during chromatography due to decomposition of chro-
manone which according to Trivedi's procedure should be the 
main product. 
In a separate reaction the methyl ether (10) was heated 
with triethyl phosphit under nitrogen. The carbazol (16) 
was obtained in good yields so that its conversion to (13) 
which is yet to be attempted should provide a better alter-
native than that of (14) to (13). 
(16) 
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In the nmr spectrum (fig, 5) of (16) H and fjj^  have 
almost identical chemical shifts and theix singlet appears 
at d 7,7'0 and 7,78; indeed in the 100 Wiz spectrum one sees 
only one 2H singlet. In the nmr spectrum of (10) the singlets 
of these protons are at d 8.35 and 6.83 which means that cycli-
sation leads to deshielding of H by 0,87 opm. This can be 
a 
explained in terms of geometry of the molecule as depicted in 
structuie (16). Q^ H3C-0 H>-_ I 
1 . a —r' 0 
H H5 
(16) 
It is noteworthy that a similar deshielding is observed 
in chromenes e.g. (17) with neighbouring hydroxy1 group and 
5 
has been explained in terms of crowding . 
J! I g ^ ^ h n lUHu nn i^  mu lu 
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•H 
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Structure (12^ for the product of the reaction of 
ethylacetoacetate with 3-nitrochroinone (1) was confirmed by 
i t s spectral characteristics^specially the nmr spectrum 
(f ig . 6 ) . 
EXPERIMENTAL 
Reaction of 3-nltrochromone ( l ) with ace tv lace tone . Formation 
of 2-hvdroxv~4~(2*-hydroxy phenvl)-5~nitro--acetoDhenone (9) : 
3-Nitrochroinone (0,5 g* .002 mole) was dissolved in dry 
acetone (30 ml) . To i t was added potassium carbonate ( s i n -
tered at 200°C, 0.72 g, .005 mole) and acetylacetone (0.267 ml, 
.002 mole). The reac t ion mixture was refluxed on a water bath 
for 12 h r s , during t h i s period the colour changed from the 
i n i t i a l l i g h t yellow to dark red . The gummy res idue obtained 
on evaporation of acetone was chromatographed over s i l i c a g e l , 
Elution of the column with chloroform-methanol (98 .0 :2 .0 , v/v) 
afforde(Jl a so l id which c r y s t a l l i s e d from benzene-petroleum 
ether to give l i gh t yellow cream coloured c r y s t a l s ( 9 ) . Yield 
(420 mg), m.p. 186-89*^0. 
Spect ra l data : 
IR (KBr) vmax : 3340, 1640, 1550, 1500, 1450, 1350 and 
1300 cm"^. 
p 
H^-NMR (CFT-20, : d 2.72 (3H, s , -C-CH3), 6.80-7.18 (5H, m, 
80 MHz)DMSO-d^  Ar-H and H^^), 8.44 (IH, s , M^)-
187 
Mass ( r e l . i n t . ) m/'z 273 (Mt, 100), 256 (20) , 240 (7) , 
230 (3 ) , 228 (19), 211 (23) , 203 (16), 
188 (30), 185 (20), 156 (12) , 155 (29), 
127 (30), 102 (12) and 78 (30) . 
Found : C, 61.31; H, 4.07; N, 4.92 
^ 1 4 ^ 1 1 ^ ^ requi res C, 61.53; H, 4.02; N, 5.12?^ 
Methylation of (9) with methvl iodide in acetone. Formation 
of 2-Inethoxv~4-(2*-^nethoxY phenyD-S-nitro-acetophenone (lO)i 
(9) (0,5 4f •002 mole) was methylated with methyl iodide 
(2 ml)»potassium carbonate (0.458 g, ,003 mole) under reflux 
for 5-7 h r s . C r y s t a l l i s a t i o n from methanol a f t e r usual work 
up affo;rded l i g h t yellow needles ( lO) , y ie ld (402 mg), m.p. 
153- 57'^C. 
Spect ra l data 
IR (KBr) "^max 
•"•H-NMR (60 MHz) 
CDCl. 
1665, 1600, 1545, 1520, 1500, 1400, 1340 
and 1250 cm"^. 
0 
d 2.6 (3H, s, -C-CH3), 3.70 (3H, s, -OCH3), 
4.00 (3H, s, -OCH^), 6.83 (IH, s, H )» 6.9-
w a 
7.5 (4H, m, Ar-H), 8.35 (IH, s, H, ). 
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Mass (rel. int.) : m/z 301 (Mt, 59), 286 (38), 270 (21), 
254 (15), 226 (l2), 225 (28), 211 (l4), 
182 (11), 181 (14), 169 (11), 167 (15), 
139 (30), 131 (29), 115 (15), 69 (65) 
and 44 (lOO). 
Acetvlatlon of (9) with acetic anhydride. Formation of 2-
acetoxv-4-(2*~acetoxv Dhenvl)-5-nitro-acetoDhenone (11) ; 
(9) (0,275 g) was taken in acetic anhydride (15 ml) and 
the mixture refluxed on an oil bath for 3 hrs. It was worked 
up as usual, the resulting solid crystallised from methanol-
chloroform as colourless crystals (11), yield (210 rag), m.p, 
123-27°C. 
Spectral data 
IR (KBr) ^max : 1760, 1695, 1620, 1540, 1520, 1500, 1450, 
1340, 1300, 1240 and 1160 cm""^ . 
H^-NMR (200 MHz): d 2.05 (3H, s, -OAc), 2.35 (3H, s, -OAc), 
0 
CDCI3 2.62 (3H, s, -0-0^3), 7.2-7.6 (5H, m, 
Ar-H + H^), 8.4 (IH, s, iij^ ). 
Mass ( r e l . i n t . ) : m/z 358 (Mt + 1 , 6 ) , 315 ( 6 3 ) , 273 (lOO), 
256 ( 5 8 ) , 228 (25) , 214 ( 1 2 ) , 211 ( 2 2 ) , 
203 ( 3 6 ) , 155 (17) and 127 ( l 9 ) . 
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Reaction of (9) with ethvlformate/sodlum. Formation of (14) 
and (15). 
To (9) (1.0 g) in warm ethyl formate (20 ml) in a flask 
fitted with reflux condenser, was added pulverized sodium 
(0,5 g) suspended in dry ether. After the reaction subsided, 
the reaction mixture was refluxed for 20 mins. and left over 
night. Ice and water were then added, the solution acidified 
with dil. hydrochloric acid, extracted twice with chloroform, 
dried over anhydrous sodium sulfate and concentrated. The 
residue was chromatographed over silica gel. Elution of the 
column with benzene gave a solid which was recrystallised from 
benzene to give 2-hvdroxv-6-nitro-'7-(2*-hydroxy ohenvlXchro-
manone (15) as dark brown crystals, yield (120 mg), m.p. 178-
86°C, 
?p?c^rai dai^ a 
IR (KBr) "^ max : 3500, 3250, 1690, 1620, 1565, 1450, 1415 
and 1350 cm~^. 
^H-mR (90 MHz); d 3.0 (IH, s , broad, O-C-OH), 3.2 (2H, m, 
CDCl3+DMS0-d^ C<~^ ) , 5.85 (IH, m, M J , 6.75-7.5 (5H, m, 
"c ^ 
Ar-H and H^), 8.35 (IH, s , H^), 9.31 (IH, 
s, -OH). 
190 
Mass (re. int.) : m/z 301 (Mt, 49), 284 (20), 283 (60), 266 
(16), 238 (24), 237 (16), 211 (29), 185 
(21), 155 (13), 139 (19), 127 (l8), 83 
(100), 71 (40) and 44 (20). 
Further elution of the column using same solvent mixture 
afforded a solid which was recrystallised from benzene to give 
6-nitro-7-(2*"hydroxy phenvlXchromone (14) as cream colour 
crystals, yield (110 mg), m.p. 262-73°C. 
Spectral data : 
IR (KBr) ^ max : 3150-3000 (broad), 1640, 1595, 1545, 1520, 
1500, 1450, 1425, 1340 and 1290 cm"-*-. 
^H-mR (200 MHz): d 6.42 (IH, d, Hj^), 6.9-7.1 (2H, m, Ar-^i), 
CDCl3+DWiS0-d^ 7 . 2 - 7 . 4 (2H, m, Ar- i i ) , 7.52 (IH, s, i^^), 
7,92 (IH, d, H)f 8 .75 (IH, s , H ) , 9 .45 
a c 
(IH, s, -OH). 
Mass (rel. int.): m/z 283 (Mt, 100), 266 (31), 253 (45), 238 
(49), 213 (23), 198 (14), 187 (20), 152 
(17), 146 (35), 139 (40), 126 (30), 105 
(17), 91 (19) and 77 (17). 
191 
The react ion of (10) with t r l e t h v l phosphlt . Formation of 
2~acetyl~3, S'^irnethoxv-carbazo 1 (16) : 
A suspension of (lO) (0,5 g) in t r i e t h y l phosphit (4 ml) 
was refluxed under nitrogen for 10 h r s . The dark reddish 
yellow solut ion was kept at room temperature for a week when 
deep yellow c r y s t a l s of (16) were deposited, f i l t e r e d and 
washed with ethanol and d r ied , y ie ld (220 mg), m.p. 188-95°C. 
Spectra l data : 
IR (KBr) ^max : 3200, 1635, 1600, 1505, 1480, 1455, 1430 
and 1380 cm*"'". 
0 
•"•H-NMR (400 MHz): d 2.6 (3H, s , -C-CH3), 3.95 (3H, s, -OQlg), 
DMSO-d^  4.01 (3H, s , -00^3), 6.58 (IH, d, Ar-H), 
7.08 (IH, d, Ar-4i), 7.35 (IH, t , Ar4i ) , 
7.70 (IH, s , Ha)» 7.78 (IH, s , iij^), 11,25 
(IH, s . -NH). 
Mass (rel. int.): m/z 269 (Mt, 61), 254 (lOO), 239 (16), 226 
(33), 211 (15), 196 (15), 183 (21), 168 
(12), 166 (19), 154 (30), 137 (19), 127 
(21), 105 (29) and 77 (20), 
192 
Reaction of 3~nltrochromone (l) with ethvlacetoacetate. 
Formation of 2-hvdroxv-4-(2*-hydroxy phenyl)-S-nitro-ethvl 
benzoate (12) : 
a-Nitrochromone (l.Og, .006 mole) was dissolved in dry 
acetone (30 ml). To it was added potassium carbonate (1.42 g, 
.01 mole) and ethylacetoacetate (0.670 ml, .005 mole). The reac-
tion mixture was refluxed on a water bath for 10-12 hrs. The 
gummy residue obtained after evaporation of acetone was chro-
matographed over silica gel. Elution of the column with chlo-
roform-methanol (98.0:2.0 v/v) afforded a gummy yellow mass 
which was crystallised from benzene, deep yellow shining need-
les (12), yield (540 mg), m.p. 124-28°C. 
speg^ya; data 
IR (KBr) "^ max: 3500, 1655, 1620, 1580, 1520, 1500, 1450, 
1365 cm" . 
H^-NMR (200 MHz): d 1.5 (3H, t, -CH3), 4.5 (2H, q, O-CHg), 
DMSO-d^ 6.8-7.3 (5H, m, Ar-H + M^). 8.4 (IH, s, M^)* 
9.6 (IH, s, -OH), 11.2 (IH, s, -OH). 
Mass (rel, int.): m/z 303 (Mt, 100), 258 (I6), 240 (30), 229 
(10), 224 (15), 212 (23), 211 (57), 187(30), 
185 (61), 184 (31), 183 (12), 167 (l2), 155 
(32), 127 (28), 126 (21), 115 (13), 105 
(10) and 77 (13). 
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